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HISTORY OF RADIO IN RELATION TO THE WORK OF THE WEATHER BUREAU. 


By E. B. Catvert, Meteorologist in Charge, Forecast Division. 


{Weather Bureau, Washington, February 20, 1923.] 


SYNOPSIS. 


The purpose of this paper is to assemble facts relating to the history, 
fone and present usage of radio in relation to the work of the 

Weather Bureau. The Weather Bureau was the pioneer of all agencies 
of the United States Government in investigations and experiments 
in wireless telegraphy. The investigations were undertaken because 
it was foreseen that this form of communication presented a field of 
opportunity to meteorology in securing current weather information 
from inaccessible places and ships, the providing of storm warnings to 
vessels at sea, and supplementing or replacing the Weather Bureau 
system of collecting weather reports - telegraph and cable. 

Radio has been utilized continuous i by the Weather Bureau for 
more than 20 years, and it now plays a large and indispensable part in 
its activities. 

CHRONOLOGY. 


1895 sap begins his investigations in wireless teleg- 
raphy. 

1899 Marconi succeeds in transmitting wireless messages 

across the English Channel. 

1900 (Jan. 19). Professor R. A. Fessenden engaged by 
the Weather Bureau to conduct wireless telegraph 
experiments. 

1902 (July). First application of radio communication 
to storm-warning work. 

1904 (June 24). Inter-Departmental Board on Wire- 
less Telegraph appointed by the President. 

1904 (July 29). Weather Bureau discontinued radio ex- 

and operations. 

1904 (Nov. 30). Navy takes up radio work for the 
Weather Bureau. 

1905 1). Lighthouse Board cooperates with 

eather Bureau in collecting messages from 
observers at sea. 

1905 (Dec. 1). First weather map prepared at sea 
from radio reports. 

1905 (Dec. 3). First observation by radio from vessel 
in the Atlantic Ocean. 

1906 Establishment of vessel-weather service. 

1906 (June 28). International Conference on wireless 
telegraphy at Berlin. 

1907 (July 18). First observation by radio from a ves- 
sel in the Pacific Ocean. 

1907 (Nov. 1). Radio first used in securing reports 
from Alaska. 

1909 (Aug. 26). First radio report from vessel in 
vicinity of hurricane. 

1912 (June-July). International Radio Telegraph Con- 
ference, London. 

1913 os 15). Inauguration of broadcasting of daily 

eather Bureau bulletins by naval radio stations. 

1914 (January). First daily broadcasts of forecasts in 
the several States by radiotelegraph. 

1914 (July 1). Similar service begun for the region of 
the Great Lakes. 

1915 (Oct. 21). Inter-Departmental Committee on radio 
legislation. 
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1919 “oe First weather reports to France by 
radio. 

1920 (Sept. 14). Conference with delegates to Radio 
Protocol. 

1920 (Nov. 20). Inauguration of radio weather broad- 
casting for the hurricane season at San Juan, 


1921 (Jan. 1). First daily radiophone broadcasts of 
forecasts. 

1921 (May 17). Inter-Departmental Board to consider 
radio and telegraph service for the Government. 

1921 (June 1). First radio weather bulletins for benefit 
of aviation. 

1921 (June1). United States Shipping Board cooperates 
in obtaining daily meteorological observations 
on all its ships and forwarding the reports by 
radio to the Weather Bureau. 

1921 (June 10). Localized radio weather broadcast 
service begun for the Atlantic and Gulf coasts 
and the Great Lakes. 

1923 (Feb. 15). Inauguration of radiophone weather 
broadcasting through United States naval radio 
station at Arlington. 


EARLY HISTORY AND EXPERIMENTS. 


Marconi began his investigations in wireless telegraphy 
in 1895, and in March,1899, he succeeded in transmitting 
messages by this means across the English Channel from 
Dover to Boulogne. The Weather Bureau was interested 
immediately in these investigations because wireless com- 
munication presented a field of opportunity to meteor- 
ology in the obtaining of current weather information 
from places inaccessible by telegraph, telephone, or 
cable, in the transmission of forecasts and warnings 
to such places, and, further, because it offered a prospect 
of supplementing or replacing at less cost its extensive 
system of collecting weather reports by telegraph cir- 
cuits. Therefore, a few months after Marconi had 
demonstrated the practicability of wireless communi- 
cation, the Weather Bureau formulated plans for investi- 
gation looking toward the development of apparatus 
and extension of knowledge of the underlying principles 
of the science. 

Prof. Reginald A. Fessenden, then a member of the 
faculty of the Western University of Pennsylvania, at 
Allegheny, was employed by the Weather Bureau to 
conduct the experiments. They were begun January 
19, 1900. Thus the Weather Bureau became the 
pioneer of all agencies of the United States Govern- 
ment in investigations and experimentations in wireless 
telegraphy. 

Special stations for the work were established at 
Hatteras and Roanoke Island, N. C., 47 miles apart. 
These points were selected because of the advantages 
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presented by the intervening space being entirely water, 
and for the further reason that the Weather Bureau 
owned and operated cable and land-line connections 
between the two points, which provided immediate 
means of checking the results of the work. A number 
of forms of receivers were devised and tested, and 
communication between the two stations was accom- 
eva in 1901 by means of a hot-wire receiver or 
oloscope, and without the use of the “coherer” which 
Marconi had utilized. During the winter and early 
spring it gave excellent results and messages were trans- 
mitted with a rapidity almost equal to that of the 
ordinary telegraph. Successful tests were made in the 
spring of 1902 before representatives of the Army 
and Navy. It was thought that this receiver would 
replace all others in use. However, during the summer 
the atmospheric electric conditions frequently caused 
the minute platinum loops, on which the action of the 
boloscope depended, to burn out when connection was 
made with a vertical wire. 

Professor Fessenden developed and patented a number 
of valuable devices which were used in wireless tele- 
graphy for many years. Unfortunately for the Govern- 
ment, the contract entered into between the Secretary 
of Agriculture and Professor Fessenden provided that 
only the Weather Bureau should have free use and 
right to the latter’s patents. The Weather Bureau 
received no substantial benefits from the patents because 
it was disengaged from wireless experimentations and 
transmission activities in 1904, and litigation efforts 
to secure free use of them by other branches of the 
Government were unsuccessful. 

Professor Fessenden continued his investigations until 
August 31, 1902, when he resigned. After that date 
they were continued under the direction of Mr. Alfred 
H. Pisses, who had been Professor Fessenden’s assist- 
ant. Mr. Thiessen’s experimental work was _ trans- 
ferred to the Pacific coast and wireless stations were 
established at Point Reyes Light, Calif., and on southeast 
Farallon Island. Regular communication was estab- 
lished between these points and effectively used in the 
transmission of wehbe observations and reports of 
ships bound for the Golden Gate. 

nter-departmental Board on Wireless Telegraph.—In the 
meantime the Army and Navy became engaged in 
wireless telegraph work and investigations. Develop- 
ments were rapid and it soon became apparent that con- 
fusion and unsatisfactory conditions would arise should 
many Government agencies work independently along 
the same lines. Under date of June 24, 1904, President 
Roosevelt appointed Rear Admiral Robley D. Evans, 
representing the Department of Commerce and Labor; 
Rear Admiral Henry N. Manney and Lieut. Com- 
mander Joseph L. Jayne, representing the Navy Depart- 
ment; Brig. Gen. Adolphus W. Greely , representing the 
War Department; and Prof. Willis L oore, Chief of 
the Weather Bureau, representing the Department of 

iculture, as a board “to consider the entire question 
of wireless telegraphy in the service of the National 
Government,” with directions that it submit a full 
report to him. 

he board submitted a unanimous report on July 
12, 1904. By order of July 29, 1904, the President 
directed that “the several departments concerned put 
its recommendations into effect.” Under the terms 
of the order the Weather Bureau ceased its wireless 


experiments and operations. Such work was assigned | 
to the Navy on coasts and the Great Lakes, and to the , { 


Army in the interior. It provided that “the Navy. 
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Department shall, without charge to the Agricultural 
Department, receive and promptly transmit to the 
oceans or to islands, or to other places where the informa- 
tion can be made useful, the storm warnings of the 
Weather Bureau.”’ 

The members of this board, as shown by their report, 
had such a clear vision of the potentialities of radio 
communication and of the necessity for its regulation, 
and were so prophetic of the confused conditions that 
now confront this country and how to remedy then, 
that it is quoted in full. 


REPORT OF INTER-DEPARTMENTAL BOARD APPOINTED BY 
PRESIDENT ROOSEVELT. 


LiguTHousE Boarp Room, 
Washington, July 12, 1904. 


The board first met in the Lighthouse Board room, in obedience to 
the order of the President and pursuant to the call of the chairman, 
at lla. m., July 6, 1904. Present, all the members. 

The chairman requested Lieutenant Commander Jayne to act as 
recorder, and then read the letter appointing the board, a copy of 
which is prefixed and marked ‘‘A,” and the inclosures, marked “B” 
to ‘‘J,’’ inclusive. 

After the reading of the memorandum from the Secre of Agri- 
culture, marked ‘‘D,’’ Professor Moore stated that Mr. Fessenden 
had, since it was written, made a satisfactory settlement of the claims 
against him by assigning the patent rights in question to the Depart- 
ment of Agriculture, Weather Bureau. 

The board thoroughly discussed and maturely considered the ques- 
tions before it at its meetings held from time to time, all the members 
being present at each meeting. 

The following was found to be the status regarding Government 
wireless telegraph stations: 

(a) The Department of Commerce and Labor has established no 
stations, but — has been granted to other departments to 
erect 10 on lighthouse reservations and on the Nantucket Shoals Light- 
ship and its relief. 

(6) The Army has operated six stations and is preparing to install 
two others in Alaska. The urgent necessity for the stations in Alaska 
has caused the temporary removal of the apparatus from two of the 
first mentioned, but it is in process of replacement. Four other Army 
stations have been proposed, but for two of these the Chief Signal Officer 
thinks that the proposed naval stations in the same localities, if avail- 
able to the Army, would make duplication unnecessary. The Army 
also has one portable train for use in maneuvers or for other military 
purposes. 

(c) The Department of Agriculture made valuable and extensive 
experimentation, and has established two stations and contemplated 
establishing others at prominent points along the coast lines. 

(d) The Navy Department has established 20 shore stations. The 
apparatus has been removed from 1 of these but it will be replaced in 
a few days. Arrangements are being made for the establishment of 
10 more in the near future, a complete equipment, or some portion 
of it, having been ordered for each one. This includes the 2 light- 
ships that take turns on Nantucket Shoals. In addition to these 30 
stations, itis proposed to establish about 50 more on shore and to start 
on the more important of these at an early date. 

The Navy Department has entered into a very important contract 
for the equipment of long-distance stations at Key West, Guantanamo, 
points to be determined in Porto Rico and in the Panama Canal Zone, 
and Pensacola. Satisfactory communication is to be established 
between all of the first four and between Key West and Pensacola. 
Communication from any one of these stations to ships at any points 
between it and a communicating station is also to be established. 

Twenty-four naval ships have already been equipped and 10 others 
are to be equipped immediately, or before the completion of the repairs 
which they are undergoing. It is proposed to equip 68 others after 
the report of the board which is now conducting test of various systems 
has been acted upon, making a total of 102. 

One torpedo-boat outfit has been ordered for trial. If this apparatus 
is successful a number of torpedo-boat destroyers and small gunboats 

ay be equipped, making the total number considerably larger. 

With these small vessels provided with wireless apparatus, there 
would be about 200 naval stations on shore and afloat. ; 

(e) The Treasury Department, while having under consideration 
wireless installations for the Life Saving Service and the Revenue 
Marine Service, has established no stations, but has relied on a leas 
commercial wireless system. 

The following was found to be the status of private stations: 

The Marconi Co. has a long-distance station on Cape Cod for com- 
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Long Island. The board understands that that company 


—_ roa) establish numerous stations along the Atlantic and Pacific 


proposes 


a New York Herald Co. has a station on the lighthouse reservation 
on Sankaty Head, Nantucket Island, and has been permitted to main- 
tain stations on the two lightships which relieve each other on Nan- 
tucket Shoals. These privileges have been withdrawn, however, owing 
to the refusal of the Marconi Co., which operated them for the Herald, 
to receive Wireless messages from vessels using other systems. j 

The American De Forest Wireless Telegraph Co. and the National 
Electric Signal Co. (Fessenden system) have stations in the vicinity of 
New York and both propose to establish a chain of them along the coast. 
The former company has already begun operations at Cape Natteras 
and at Key West, and has announced that they propose to establish 
several stations to bridge the Pacific and make foreign connections. 
It has also established several stations away from the seacoast, especiaily 
on the Great Lakes, and is planning to have aregular interior system, 
according to one ofits officers. 

The Fessenden system has stations in Philadelphia and Washington. 
Fessenden states that his company is negotiating for permission to 
establish communication with Bermuda. 

The Providence Journal maintains several stations in the vicinity of 
Narragansett Bay and there are several other systems which are at 

resent not very active. 

On the Pacific coast the Pacific Wireless Telegraph Co. has several 
stations and has been making persistent efforts to obtain authority to 
establish stations on the lighthouse reservations, Farallon Islands, and 
at other prominent Government reservations along the Pacific coast. 

There is an interisland system operated in Hawaii. 

A number of trans-Atlantic liners are using the Marconi apparatus. 
Few coasting vessels are using any system, but the indications are that 
this method of communication will come into quite common use when 
the shipowners feel that conditions are favorable. ' ; 

The Navy Department has at times been very seriously interfered 
with in the vicinity of New York and Boston and there are already so 
many stations in the vicinity of Newport that an effort has been made 
by the officer in charge of the torpedo station to establish a tentative 
arrangement whereby the various stations will interfere as little as pos- 
sible with each other. ; 

Reports from the naval wireless station on Cape Cod indicate that on 
one occasion that station was temporarily crippled, very probably by 
heavy sending at the Marconi long-distance station a few miles away. 

It would appear that the Weather Bureau already has a station at 
one of the most important points on the Pacific coast, where the Navy 
Department desires to erect one and equip it with more powerful appa- 
ratus than now in use by the Weather Bureau. The Weather Bureau 
also intended putting in new apparatus, it having been demonstrated 
that that now in use is unable to communicate with the nearest naval 
station in San Francisco Bay, although the latter has sufficient power 
to reach far beyond the Farallons. This is one of the places where the 
Pacific Wireless Telegraph Co. is so anxious to locate. 

The Weather Bureau also contemplated establishing stations at prom- 
inent points where the Navy Department already has stations in opera- 
tion or proposed to establish them. Most of the stations proposed by 
the wireless telegraph companies are to be located at prominent points 
where Government stations are already established or proposed. This 
state of afiairs seems to demand prompt action to avoid most unfor- 
tunate confusion and unnecessary duplication. 

As a first step toward avoiding this condition the board adopted the 
following resolution: 

“Resolved, That all installations of Government wireless telegraph 
stations be suspended, except at stations now under contract, until the 
final report of the board is acted upon by the President. That all 
pe serge of the Government interested in wireless telegraphy should 
retuse to allow any private company to install a station on any Govern- 
ment reservation until so authorized by proper authority.” 


CONCLUSIONS. 


The conclusions of the board are: 

That the science of wireless telegraphy has been advanced by the 
able and persistent work of the Signal Corps of the Army and the 
Weather Bureau of the Department of Agriculture, as well as by the 
work of the Navy Department; 

hat wireless telezraphy is of paramount interest to the Government 
through the Navy Department, and that its use by the Signal Corps of 
the Army for communication between military ts of the Army 
and other necessary links will be necessary both in peace and war, 
and that such use shall be unrestricted. When interference seems 
probable between stations of the Navy and War Departments, the 
question involved shall be mutually settled by representatives of the 
two departments. 

"hat coastwise wireless telegraphy is not a necessity for the work of 
the Weather Bureau of the Department of Agriculture, provided that 
the necessary meteorological data for that department can be collected 
by the stations of the Navy Department from ships at sea and by 
them sent to the Weather Bureau of the Department of Agriculture. 
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That the maintenance of a complete coastwise system of wireless 
telegraphy by the Navy Department is necessary for the efficient and 
economical management of the fleets of the United States in time of 
peace and their efficient maneuvering in time of war. ‘ 

That the best results can be obtained from stations under the juris- 
diction of one department of the Government only, and that repre- 
sentatives of more than one department should not be quartered at any 
station. 

And, finally, the board concludes that the Government must take 
the necessary steps to regulate the establishment of commercial wireless- 
telegraph stations among the States and between nations. 


RECOMMENDATIONS. 


In order that the above conclusions may be carried into effect, the 
board recommends— 

That the Signal Corps of the Army be authorized under its chief to 
establish from time to time such wireless stations as he may deem 
necessary, and that they do not interfere with the coastwise wireless- 
telegraph system of the Government under control of the Navy Depart- 
ment; and further, that the Chief Signal Officer be requested to inform 
the Navy Department what stations of its system may be utilized to 
transmit messages for the Signal Corps or other bureaus of the War 
Department, and that representatives of the Signal Corps of the Army 
pe the Bureau of Equipment of the Navy Department be at once 
requested to draw up such rules as will insure the efficient and har- 
monious carrying into effect of the above recommendations. 

‘That the necessary steps be taken to have the Weather Bureau of the 
Department of Agriculture turn over to the Navy Department all coast- 
wise wireless-telegraph apparatus now under its control, and such 
material as it may have in its possession which can be utilized by the 
Bureau of Equipment of the Navy Department, and that proper trans- 
fers of funds for this purpose be made. 

That the Weather Bureau of the Department of Agriculture furnish 
to the Hydrographic Office of the Navy, and to the naval wireless- 
telegraph stations, or to other portions of the public service, such 
meteorological data as it or they may desire at no cost to them. 

That the Department of Agriculture shall continue the work of its 
meteorological vessel-reporting and storm-warning stations, as now con- 
stituted and provided for by law, and continue the control of seacoast 
telegraph systems, except wireless systems. 

That the necessary steps be taken that the Navy Department may 
equip and install a complete coastwise wireless-telegraph system cover- 
ing the entire coasts of the United States, its insular possessions, and 
the Canal Zone in Panama. 

That the Navy Department be directed to receive from the Signal 
Corps of the Army, at such points as may be requested by the Chief 
Signal Officer of the Army, all messages for Army posts within their 
vali, and transmit them, under such rules as may be agreed upon by 
the representatives of the Signal Corps and Bureau of Equipment, 
without cost to the Signal Corps of the Army. 

That all meteorological reports from vessels of war or commerce or 
other sailing craft, now being forwarded direct to the Hydrographic 
Office of the Navy, shall be forwarded direct to the Weather Bureau, 
and the control of ocean meteorology be transferred to the Department 
of Agriculture, which already has ample law for doing this work. 

‘(hat the estimates for the support of the Hydrographic Office of the 
Navy, or any other office of the Navy, for the next and succeeding 
fiscal years, do not contain any provision for the making of ocean fore- 
casts, or for the publication of meteorological data, other than such as 
may be needed by the hydrographer of the Navy for use of the pilot 
and other charts, which data shall be furnished by and credited to the 
Weather Bureau. 

That it is the opinion of this board that no meteorological work 
need or should be done by any portion of the Navy for the purpose of 
publication, or for the making of forecasts or storm warnings; that all 
such duties, being purely civil, should devolve upon the Weather 
Bureau of the Department of Agriculture in accordance with the organic 
act creating that bureau; 

That the wireless stations of the Navy Department shall, without 
charge to the Agricultural Department, receive and promptly transmit 
to the ocean or to islands, or to other places where the information can 
be made useful, the storm warnings of the Weather Bureau; 

That the Navy Department shall request all vessels having the use 
of its wireless stations for the receipt of messages, to take daily mete- 
orological observations of the weather when within communicatin 
range and to transmit such observations to the Weather Bureau, throug 
naval wireless stations, at least once daily, and transmit observations 
oftener when there is a marked change in the barometer; and that there 
shall be no charge against the Agricultural Department for these obser- 
vations, or for the transmission thereof; 

That representatives of the Department of Agriculture and the 
Bureau of Equipment of the Navy Department be directed to prepare 
the necessary rules for the harmonious and efficient carrying on of the 
above recommendations. 
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We recommend that as fast as the naval wireless telegraph stations 
are put in operation the Navy Department be directed to receive and 
transmit through these stations, free of ek all wireless messages to 
or from ships at sea, provided such stations do not come in competition 
with commercial stations, until such time as Congress may enact the 
necessary legislation governing this subject. 

In asking for legislation on this point, the board desires to invite 
attention to the fact that where wireless stations are needed for the 
merchant marine, as a rule the Navy will also require them. The 
board believes it to be in the interest not only of governmental, but 
public economy and efficiency, to permit the naval stations to handle 
the public service, for the present state of the art but one station is 
desirable, for the public interests in such places. As the needs of the 
Navy are paramount on account of the problem of national defense, 
private stations should not be allowed to locate to the disadvantage of 
the former. Moreover, there is at present no public need for multi- 
plication of stations at these points. 

It is admitted, however, that there may be special cases where 
private stations can serve a useful purpose, and the board believes 
that the Department of Commerce and Labor should have the duty of 
issuing licenses in such cases under such regulations as will prevent 
interference with stations necessary to the national defense. All 
private stations in the interior of the country should also be under 
supervision of the Department of Commerce and Labor. 

This method of one private stations under full Government 
supervision is desirable in order to regulate them for their mutual and 
the public welfare, as well as from considerations of national defense. 
Aside from the necessity of providing rules for the practical operation 
of such stations, it seems desirable that there should be some whole- 
some supervision of them to prevent the exploitation of speculative 
schemes based on a public misconception of the art. 

It is believed that invention and private enterprise should be en- 
couraged in every legitimate way, and it is the policy of the Navy 
Department to do this. It has the means of assisting inventors that 
no other department has, and it believes that in order for it to lead the 
navies of the world in this matter, which is of great importance to the 
national defense, that every reasonable facility should be given in- 
ventors, while at the same time it is working out the problems of the 
application of their inventions to its requirements in times of peace and 
war. 

To prevent the control of wireless telegraphy by monopolies or trusts, 
the board deems it essential that any legislation on this subject should 
place the supervision of it in the Department of Commerce and Labor. 

Because international questions may arise, due to the fact that the 
use of wireless-telegraph stations in our own possessions may affect the 
use of similar stations in foreign countries, it is desirable for the Congress 
to enact legislation which will enable the Government properly to 
handle such cases; a failure to do so may seriously embarrass the 
Government at some future time. 

It is thought that the legislation recommended in placing private 
stations under the supervision of the Department of Commerce and 
Labor will also cover this case. 

In conclusion, the board deems it essential that the Executive take 
such action as in his judgment seems wise to prevent the erection of 
private wireless-telegraph stations where they may interfere with the 
naval or military operations of the Government until legislation may 
be had by Congress on this subject. 


Appended thereto were two extracts from the Revised 
Statutes, marked ‘“‘W”’ and ‘X,’’! which related to the 
of Government lines; also a decision 
of the Supreme Court, marked “Y,’”? and the' final pro- 
tocol of the Preliminary Conference on Wireless Telegraph, 
held in Berlin in August, 1903, marked “ Z.’’$ 

Navy takes up radio work for the Weather Bureau.—In 
accordance with the provisions of President Roosevelt’s 
order, the Navy Department immediately began to 
make arrangements to place its facilities in operation for 
the handling of Weather Bureau business. Under date 
of November 30, 1904, orders were issued to its radio 
stations to promptly transmit all weather reports and 
warnl required by the Weather Bureau, and also 
directed its ships equipped with wireless apparatus to take 
and transmit meteorological observations at least once 
daily on designated schedule and oftener when baro- 
metric changes indicated storm conditions. It has con- 
tinued to do this work in a satisfactory manner and in an 
excellent spirit of cooperation. 
~ 1 W and X, section 2, act of Oct. 1, 1890 (26 Stat. 653). 

2 Supreme Court, term of October, 1886. —— emneny | v. Texas. 


_? Report of Preliminary Conference Concerning Wireless graphy. Berlin, Aug. 
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Cooperation with Lighthouse Board.—An immediate de- 
velopment in the use of the naval radio stations was the 
transmitting of storm warnings to lighthouses and 
lightships which had radio communication therewith, 
Cooperation of the Lighthouse Board was secured and 
arrangements made for the display of storm-warni 
flags at such lighthouses and lightships. By July 1, 1905, 
arrangement for radio communication and storm-warni 
displays at off-shore points had been a as follows: 

rom navy yard, Portsmouth, N. H., to Cape Ann and 
Thatcher Island, Me. 

From torpedo station, Newport, R. I., to Nantucket 
Shoals Lightship. 

- From Brooklyn Navy Yard to Highlands of Navesink, 

From Norfolk Navy Yard to Diamond Shoals Light- 


ship. 

fom Charleston Navy Yard to Charleston Lightship. 

From Mare Island Navy Yard to Yuba Buena. 

From San Juan Naval Station to Culebra, Panama. 

In early succeeding months storm-warning displays 
were accomplished by the same plan at Cape ‘Plizabeth 
Me.; Highland Light; Cape Cod; and Dry Tortugas. 

Radio a factor in meteorology.—Radio communication 
has been an outstanding factor in the developments of 
meteorology during the past 20 years. It has enabled 
the Weather Bureau to secure observations from ships 
at sea and from otherwise inaccessible places, to amplify 
current synoptic charts used in its forecast work, to 
reach with its forecasts and warnings places that have no 
other means of communication, and especially to furnish 
ships at sea with advices and storm warnings vital to 
their safety. The functions of the Weather Bureau are 
such as to require. that it keep abreast of radio develop- 
ments and extensions and to promptly utilize them in 
every practicable manner. 


COLLECTION OF WEATHER DATA BY RADIO. 


Weather radiograms from ships at sea.—The first radio- 
gram received by the Weather Bureau containing 4 
weather observation taken on a ship in the Atlantic was 
from the S.S. New York, on December 3, 1905, in latitude 
40° N., longitude 60° W. It was the result of arrange- 
ments made with the Marconi Telegraph Co. to receive 
at its station at Siasconset, on Nantucket Island, messages 
containing weather reports from passenger vessels ply1 
between New York and European ports that were equippe 
with wireless apparatus. Few reports were received 
from ships in 1905 and 1906, but sufficient to indicate the 

reat value of and necessity for such observations in 
orecast work. 

In 1906 the vessel weather service was establishea as & 
distinct project. The masters of about 50 vessels agreed 
to take weather observations once daily at a fixed hour 
when in prescribed ocean areas, and to forward them by 
radio to the Weather Bureau office in Washington. These 
vessels were for the most part passenger ships engaged on 
the New York to Europe routes, although a few operated 
in the southern Atlantic and in the Gulf of Mexico 
and one in the Pacific. The latter was the S. S. President, 
which was said to be the only vessel in the Pacific Ocean 
that carried wireless apparatus at that time. The first 
observation received from the S. S. President was on 
June 18, 1907. A report from the S. S. Cartago on 
August 26, 1909, when near the coast of Yucatan and 
at a time that a hurricane was in progress in those waters, 
was the first ship message that was received and used in 
connection with the issuance of hurricane warnings. 


JAN 
T 
spol 
shir 
vess 
4 Pac 
obs 
larg 
q whe 
stor 
mit 
the 
are 
Co.. 
4 I 
fror 
the 
tha 
anc 
cos 
> apf 
of 
a ind 
a rect 
a 15,| 
ves 
cod 
rep 
. ope 
the 
the 
con 
Wei 
esta 
& \ 
4 im} 
lan 
hu 
a cas 
of 
( 
un 
Bu 
Shi 
ing 
7 Ho 
3 ma 
eis 
of 
thr 
ope 
the 
hw 
in 
( 
ces 
mi 
for 
I cor 


January, 1928. 


The vessel weather service was extended in corre- 
spondence with the installation of radio apparatus on 
ships and in a few years included freight as well as pas- 
senger vessels. At the present time there are 93 paid 
vessel weather stations on the Atlantic side and 23 on the 
Pacific side. Payment of 50 cents is made for each 
observation taken and radioed. In addition, a much 
larger number of vessels belonging to ship corporations, 
who, in recognition of the great benefit the forecasts, 
storm and hurricane warnings are to them, do not per- 
mit any charges to be made by their employees for taking 
the observations. Among these cooperating companies 
are the Shipping Board, the Standard Oil Co., the Texas 
Co., the Gulf Refining Co., Dodwell & Co., Pacific Mail, 
and the Texas Oil Co. 

It is highly desirable that vessel reports be obtained 
from all areas in the Atlantic and throughout the year, as 
they are of inestimable value in the forecasting of storms 
that affect the trans-Atlantic lanes, the southern Atlantic 
and Gulf of Mexico, but compensation to observers, the 
cost of radio ship-to-shore tolls, and the inadequacy of 
appropriations make it necessary to limit the number 
vessel weather stations and the period of their opera- 
tion. 

This development of the vessel weather project is 
indicated by the fact that in 1906, 738 observations were 
received, and from only 35 ships. In 1922 more than 
15,000 reports were received from over 300 ships. All 
vessel weather observations are transmitted in a special 
code provided for that purpose. 

Nearly all commercial ships engaged in making weather 
reports are equipped with radio apparatus owned and 
operated by one of the several commercial radio com- 
panies. Under provisions of a law, applicable only to 
the Weather Bureau, separate contracts are made with 
these companies and special rates are secured. These 
contracts provide that, whenever possible to do so, 
weather messages shall be sent to the nearest naval radio 
station, which forwards them by land lines to the fore- 
cast center to which they are addressed. 

_ Weather observations from ships at sea are of vital 
importance. They supplement the reports taken at 
land stations, enable the forecasters to locate storms and 
hurricanes over the oceans and to issue accurate fore- 
casts and timely warnings to vessels in the storm areas 
which are not only necessary to safe navigation but are 
of = aid in the conduct of the ship work at sea. 
operation with Shipping Board.—On January 24, 
1921, the Shipping Board issued general instructions 
that beginning with June 1, 1921, all masters of ships 
under its control should take and forward to the Weather 
Bureau daily observations when in prescribed areas. 
Ships in the Atlantic address their messages to Wash- 
ington; and those in the Pacifie to San Francisco and 
onolulu, according to their position. No charge is 
made for the observation work or for radio charges from 
ship to shore. This cooperation by the Shipping Board 
is of inestimable value. It is the only group of vessels 
of commerce on the Atlantic side that radioes its reports 
throughout the year. The remainder of the vessels 
operating in the Atlantic Ocean, the Gulf of Mexico, and 
the Caribbean Sea confine their observations to the 
iurricane season, June to November, inclusive. Ships 
in the Pacific report throughout the year. 

Obtaining observations by radio from otherwise inac- 
cessible places.—As is well note local conditions are a 
minor consideration in the making of weather forecasts 
or a particular section. Dependence is placed mainly on 
conditions that prevail in more or less extended areas. 
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Therefore, it is necessary for successful forecast work 
that there be available to the forecaster reports of cur- 
rent conditions from widespread areas. Not until obser- 
vations from the entire Northern Hemisphere are ob- 
tained will the ideal be reached. 


For some years after the meteorological service of the 
United States was established, reports were obtained 
exclusively by telegraph and mainly from places in the 
States east of the Great Plains. However, the building of 
the transcontinental railroad lines soon brought practically 
all of the States into meteorological range. In succeeding 

ears cable connections with a few islands of the West 

ndies and of the Pacific, and with Alaska, extended the ob- 
servation areas. But telegraph lines and cables are placed 
only in regions where commerce justified their existence, 
and until the advent of radio there appeared to be no pros- 
pect of obtaining current reports from the .vast ocean 
areas, islands, and from the far north, from which obser- 
vations were so much needed. Radio offered a solu- 
tion of the problem and the Weather Bureau has availed 
itself of this form of communication to the fullest possible 
extent. The observation area has been materially 
extended thereby, but not nearly to the degree that is 
hoped for and expected during the years to come. 


Countries from which daily reports are received by 
radio.—Daily or twice daily observations now are secured 
by telegraph and cable from about 240 stations in the 

nited States and Canada (210 in the United States and 
30 in Canada), from 17 places in Mexico, 20 points in 
the West Indies, 12 ‘Siakas stations, and 22 European 
cities. These are supplemented by reports obtained 
wholly or in part by radio from 16 places in the West 
Indies and Central America; 5 in Alaska; from Honolulu, 
Guam, and Midway Island, in the Pacific; the Philippines, 
China, Japan in the Far East, and from 36. places in 
Europe and the Arctic regions, including the Azores, 
Greenland, Iceland, Spitzbergen, and Jan Mayen. All 
of these radio reports are transmitted by United States 
naval radio stations, except two in Alaska (Nome and 
Eagle) for which the United States Signal Corps radio 
service is utilized. The first Alaskan report obtained 
by radio was from Nome, on November 1, 1907, followed 
by Eagle on June 24, 1909; Kodiakand Dutch Harbor, 
May 1, 1915, and St. Paul Island, August 8, 1915. 


The Canadian Government is now ane for the 
establishment of radio stations at points in the Mackenzie 
River region primarily for the purpose of obtaining 
meteorological reports. These will be made available to 
the United States Weather Bureau. It is highly import- 
ant that similar radio and meteorological stations be 
located in the northern section of Alaska. 


It is apparent that meteorology will advance hand in 
hand with radio and that there must be close and undis- 
turbed contact between the agencies engaged in meteoro- 
logical and radio activities. e crying need of meteor- 
ology is more information from ships and from inacces- 
sible places, and especially from the areas in and about 
the Polar regions. Meteorology is essentially an inter- 
national science. Weather has no national allegiance. 
Cyclones and anticyclones pay no attention to boundary 
lines. Conditions prevailing in one country a may 
affect another to-morrow, or perhaps a week hence. 
Partial exchange of meteorological reports between the 
United States, European, and Asiatic countries has 
existed for many years, but there must be more or less 
complete exchange of meteorological reports among the 
nations in the Northern Hemisphere, and in this radio 
will play a large and important part. 
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International exchange of Weather Reports.—The United 
States is now exchanging weather reports with the 
meteorological services of Canada, Mexico, Cuba, the 
Bahamas, Japan, China, the Philippines, the Azores, 
and France (and through France with other European 
services). Messages containing reports from 32 stations 
in the United States and Canada are radioed each night 
to the director of the meteorological service of France, 
and are immediately broadcast fa the Eiffel Tower 
radio station for the benefit of all countries within its 
range. 

Radio was first used for transmitting this report to 
France on January 17, 1919, replacing cable service 
which had been utilized for many years prior thereto. 
The forwarding of European reports to the United 
States began August 15, 1922. ese are observations 
taken in the p. m. and supplement a similar group of 
a. m. reports forwarded by cable from the London to the 
Canadian meteorological service at Toronto, which are 
immediately repeated by telegraph to Washington. A 
daily message is also received from Paris containing ob- 
servations taken at midnight at 38 places in Europe, 
embracing England, Spain, Switzerland, Germany, Aus- 
tria, Czechoslovakia, Poland, Denmark, Norway, and 
Sweden; also Iceland, Greenland, and the Azores. Plans 
are under way for similar exchanges with other countries 
in which radio will be the communicating medium. 

Reports from Nassau, Bahama Islands, have been re- 
ceived in a for a group of United States reports 
for a long period. For more than 20 years they were 
transmitted by cable, via Jupiter, Fla., but early in 1914 
the cable was interrupted and since May 18, 1914, they 
have been transmitted by radio, first via Key West, 
later via Miami, Fla., and since November 20, 1922, via 
Jupiter. In November, 1922, a meteorological station 
was established at Great Inaugua, one of the Bahama 
group. A representative of the Weather Bureau was 
sent there to assist in the installation of instruments and 
to instruct the observer. The observations are trans- 
mitted to Nassau, combined with the Nassau report, and 
forwarded via the naval radio station at Jupiter and 
thence by land line to Washington, D. C. The radio 
station operated by the Bahaman Government at Great 
Inaugua is not sufficiently powerful to communicate di- 
rectly with Nassau. Therefore, the reports are relayed 
through the Cuban radio station at Chaparra. At the 
request of the Weather Bureau arrangements are being 
made for the free handling of these reports by the Cuban 
Government. 

Prior to the World War daily observations from a num- 
ber of points in the Far East, including Siberia, and 
Russia, were obtained by cable. This service was dis- 
continued during the war, and resumed, with the excep- 
tion of Siberian and Russian reports, April 9, 1922, when, 
as a result of arrangements made with the director of 
the Philippine Weather Service, who collects observa- 
tions from the rings es group, China, Japan, and con- 
tiguous countries, a daily message is forwarded by naval 
radio from Manila to San Francisco and thence by land 
line to Washington. Reports from 12 places are included 
in this daily message. 

Storm-warning work revolutionized.—Before radio com- 
munication reached a practicable stage and ships were 
equipped with radio apparatus the only means of warn- 
ing vessels of storms was by furnishing masters with the 
warnings before they left port, and by the display of flags 
and lights on shore. Such storm signals were visible for 
a comparatively short distance and ships that departed 
before the warnings were issued and did not come within 
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visual range of the signals could not be warned. Radio 
communication has revolutionized the storm-warnin 
service and now ships equipped with the necessary appa- 
ratus are as adequately served at sea as when in port. 

The first application of radio communication to the 
storm-warning work was in July, 1902, when the Marconi 
Co., through its station on Nantucket Island, began to 
furnish liners of the Cunard Co. with forecasts issued b 
the Weather Bureau. In 1904, the broadcasting of storm 
and hurricane warnings became a regular service by naval 
radio stations and has continued in steadily increasing 
volume until the present time. 


BROADCASTING OF WEATHER BULLETINS. 


Inauguration of broadcasting vd daily weather bulletins 
by naval radio stations.—On July 15, 1913, the broad- 
casting of daily weather bulletins was begun from the 
naval radio station at Arlington, Va., and Key West, 
Fla. ‘The bulletins were broadcast at 10 ba m. and in 
two parts. The first part consisted of code letters and 
figures showing barometric pressures, wind direction and 
force at 8 p. m., 75th meridian time, at 8 places on the 
Atlantic and Gulf coasts and at Bermuda. The second 
part contained special forecasts of winds along the north, 
middle, and south Atlantic and the Gulf coasts a hun- 
dred miles or so ofishore. Storm and hurricane warnings 
were included whenever issued. 

A similar service was inaugurated for the Great Lakes 
on June 1, 1914, by broadcasts each evening from 
Arlington during the season of navigation, usually April 
15 to December 15, inclusive. Beginning with April 15, 
1917, the broadcasts for the Great Lakes were transferred 
to the naval radio,station at Great Lakes, II. 

At the suggestion of the Navy Department the broad- 
casting of a special bulletin from the naval radio station 
at Point Isabel, Tex., was inaugurated on August 27, 1920. 
This bulletin contains 8 p. m. reports from 8 places on 
the Gulf coast, also from eect and Swan Island, and 
forecast and storm and hurricane warnings for the Gulf 
of Mexico, and the western portion of the Caribbean Sea. 

On November 20, 1920, broadcasting of a bulletin for 
the special benefit of ships in the eastern Caribbean Sea 
and the southern Atlantic began from the naval radio sta- 
tion at San Juan, P. R. This bulletin is disseminated at 
9 p. m., 75th meridian time, only during the hurricane 
season, June to November, inclusive, and contains reports 
from 10 observation stations in the West Indies and all 
hurricane warnings and advices pertaining to the southern 
Atlantic Ocean, the Caribbean Sea, and the Gulf of 
Mexico. And on June 1, 1921, in response to demands 
from shipping interests the Arlington bulletin was made 
a twice-daily service, 10.30 a.m. and p.m. The number 
of coded reports in the a. m. bulletins was increased to 
45, and included interior as well as coastal stations. This 
number of reports and a summary showing the location 
of cyclone and anticyclone centers and the direction of 
movement of storms enabled shipmasters to prepare com- 
prehensive weather maps at sea on base maps specially 
prepared and furnished them for the purpose. An added 
feature of the expanded Arlington bulletin was upper- 
air observations from 5 aerological stations operated by 
the Navy Department, one by the Signal Corps, United 
States Army, and 3 by the United States Weather Bureau, 
and, for the special benefit of aviators, upper-air fore- 
casts for 6 zones in which the country east of the Mis- 
sissippi River is divided. This was the first radio bul- 
letin ever broadcast in the United States for the benefit 
of aviators, and it was inaugurated at the special request 
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of the air services of the Army and Navy. On June 26, 
1922, the Arlington p. m. major bulletin was made to 
conform with the one broadcast in the a. m. 

On June 10, 1921, a localized broadcasting service was 
begun on the Atlantic and Gulf coasts and on the Great 
Lakes to supplement the major bulletins disseminated 
from the high-powered stations at Arlington, Key West, 
Point Isabel, San Juan, and Great Lakes. These local 
bulletins consist of wind and weather forecasts and storm 
warnings for limited areas, barometer readings, wind 
velocity and direction, and state of weather at near-by 
Weather Bureau stations and storm warnings issued in 
the afternoon. This service was designed for the benefit 
of coastwise ships not equipped to receive wave lengths 
as high as those used at the high-powered stations. The 
naval radio stations utilized in connection with this 
localized work were Portland, Me.; Boston. Mass.; New 
York, N. Y.; Philadelphia, Pa.; Baltimore, Md.; Norfolk, 
Va.; Charleston, S. C.; Savannah, Ga.; Jacksonville, Fla. ; 
St. Augustine, Fla.; Miami, Fla.; St. Petersburg, Fla.; 
Pensacola, Fla.; New Orleans, La.; Galveston, Tex.; 
Point Isabel, Tex.; Alpena, Mich.; Buffalo, N. Y.; Cleve- 
land, Ohio; Chicago, [ll.; and Duluth, Minn.; Guanta- 
namo, Cuba; Port au Prince, Haiti; St. Thomas and St. 
Croix, Virgin Islands. Only hurricane warnings and 
advices are disseminated from the last five stations. On 
April 15, 1922, the local service from the stations on the 
Great Lakes was made twice daily by including an even- 
ing broadcast. Broadcasting was discontinued at Jack- 
sonville, Fla., January 21, 1921; at St. Petersburg, Fla., 
on September 22, 1922; and at Miami, Fla., on Novem- 
ber 20, 1922, due to the closing of these radio stations. 
On December 20, 1922, all the naval radio stations on 
the Lakes were placed in an inoperative status, and at 
this time (February 15, 1923) it appears unlikely that 
they will be placed in service during the 1923 season of 
navigation. 

For the purpose of defining the forecasts contained in 
the bulletins broadcast from Arlington, Key West, San 
Juan, and Point Isabel, the ocean areas were divided into 
the following zones: 


1. Atlantic coast, north of Sandy Hook. 

2. Atlantic coast, Sandy Hook to Hatteras. 

3. Atlantic coast, Hatteras to Florida Straits. 

4. East Gulf of Mexico (east of longitude 90°). 

5. West Gulf of Mexico (west of longitude 90°). 

6. Caribbean Sea (west of longitude 73°) and the Wind- 
ward Passage. 


_ The forecasts and warnings for zones 1, 2, and 3 are 
included in the broadcasts from Arlington; zones 3, 4, 
5, and 6 in those from Key West; and zones 4, 5, and 6 
in those from Point Isabel. 


On April 15, 1922, the bulletin broadcast from Great 
Lakes, Ill., was superseded by a much enlarged bulletin 
and was made a twice-daily service. It contains obser- 
vations from 15 stations on the Great Lakes and 12 
interior points, as well as upper air observations from 6 
aerological stations operated by the Weather Bureau 
and 1 by the Signal Corps. In addition to weather fore- 
casts for each of the Lakes and flying weather forecasts 
for four zones are included. These major bulletins are 
broadcast each morning and evening during the season 
of navigation on the Great Lakes at 10:45 o’clock, 75th 
meridian time. At first the bulletins were repeated by 
the Chicago radio station to Great Lakes for the general 
broadcast, but on May 19, 1922, the Navy Department 
began to operate the Great Lakes station by control from 
Chicago, thereby eliminating the repeat. 
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On March 15, 1922, a twice-daily major bulletin broad- 
cast was begun from the naval radio station at San 
Francisco (Goat Island) at noon and 10:30 p. m., 75th 
meridian time. These broadcasts contain, respectively, 
8 a.m. and 8 p.m. coded reports from 6 stations in 
Alaska, 26 stations on the Pacific coast and in the 
western States, and five reports from Canada; also upper 
air observations from five aerological stations, 3 of them 
a by the Signal Corps, United States Army; 1 by 
the United States Navy, and 1 by the Weather Bureau. 
The several parts of the bulletin consist of a summary of 
barometric distribution at 8 a. m. and 8 p. m., over the 
western part of the United States, the Pacific Ocean, 
Alaska, and Canada, forecasts and storm warnings for 
the Pacific coast and flying weather forecasts for four 
zones comprising the Pacific coast States. 

On the same date a supplemental localized service for 
the benefit of coastwise ilewioe was begun from the 
naval radio stations at Tatoosh Island, Wash. ; North 
Head, Wash.; Eureka, Calif.; San Pedro, Calif.; and 
Dutch Harbor, Alaska. These local bulletins consist of 
wind and weather forecasts and warnings for limited 
areas, weather conditions, and barometric readings at 
specified stations, and advices concerning fog conditions 
in the Strait of San Juan de Fuca. These bulletins are 
broadcast each morning and evening and at intervals 
during the day. 

Ships in the mid-Pacific forward their observations to 
the Weather Bureau at Honolulu, and forecasts and storm 
warnings are broadcast from the naval radio station at 
that point for the benefit of ships in that section of the 
Pacific, as well as a report of current weather conditions 
at Honolulu. These forecasts and reports are broadcast 
thrice daily. ‘This service was begun on September 11, 
1916. 

Cooperation with United Fruit Co.—During the hurri- 
cane season of 1922 arrangements were made with the 
United Fruit Co., which for many years has been furnishing 
weather reports from its ships for broadcasting weather 
information and forecasts from its radio station on Swan 
Island for the benefit of shipping in the Caribbean Sea. 
This service began September 18, 1922. The bulletin is 
in two parts. The first part is in code and consists of 
weather observations taken at approximately 8 a. m., 
75th meridian time, at Swan Island; Bluefields, Nicara- 
gua; Belize, Honduras; Willemstadt, Curacao; San Juan, 

. R.; Port au Prince, Haiti; Cienfuegos, Cuba; La Fe, 
Cuba; Kingston, Jamaica; and Turks Island, Bahamas. 
The second part consists of wind and weather forecasts 
for the Gulf of Mexico, the Caribbean Sea, and the Wind- 
ward Passage, and all hurricane warnings and advices. 
The first part of the bulletin is broadcast only in the 
a.m. during the hurricane season; the second part is dis- 
seminated Both morning and evening throughout the 
year. <A feature of the service is the display of signals 
irom the radio tower at Swan Island (a red pennant by 
day and red lantern by night). Thesesignals, which began 
November 1, 1922, indicate that important weather infor- 
mation issued by the Weather Bureau regarding a hurri- 
cane or “‘norther” is in possession of the radio operator, 
which can be obtained by radio request or by boat-call 
ashore. The United Fruit Co. also permits ships of any 
nationality that fail to obtain the regular weather 
broadcasts to call the Swan Island station at any time 
for the latest weather forecasts. 

Cooperation with Signal Corps.—The Signal Corps, 
United States Army, maintains radio stations at Bolling 
Field (D. C.), Aberdeen Proving Grounds (Md.), Camp 
Vail (N.J.), Mitchel Field (N. Y.), Langin Field (W. Va.), 
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McCook Field (Ohio), Langley Field (Va.), Selfridge 
Field (Mich.), and Chanute Field (Ill.), where weather 
observations are taken at 6:15 a m., 7:15 a. m., 9 a. m., 
11 a. m., and 3:15 p. m., and transmitted by radio for the 
benefit of aviators using the four model airways—Wash- 
ington to Long Island, Washington to Dayton, Ohio, 
W ashington to Hampton, Va., and Selfridge Field (near 
Mount Clemens, Mich.), to Chanute Field (Rantoul, Ill.). 
All of these observations are collected at Bolling Field and 
are promptly transmitted by telephone to the Weather 
Bureau office at Washington and are used by the fore- 
casters in the issuance of flying-weather forecasts and 
advices to the Army aviators. This cooperative service 
began October 16, 1922. 


RADIO WEATHER SERVICE FOR MARINE AND AGRICULTURAL 
INTERESTS. 


Weather service for ships in midocean.—The need for 
and value of a forecasting service for the benefit of ships 
in midocean, and especially along the routes between the 
United States and Europe, long ions been recognized, but 
there have been inherent difficulties which prevented the 
inauguration of a service of this character, chiefly the 
impracticability of collecting promptly and accurately 
current observations essential to such a system. For 
many years the Weather Bureau has been issuing twice- 
daily forecasts of wind and weather as far as the Grand 
Banks for the benefit of ships leaving North Atlantic 
ports, but it is apparent that a forecasting service for 
ships in midocean can not be conducted from any station 
located on continental shores and no island in the Ameri- 
can-European lanes has a location advantageous to the 

urpose. The ideal arrangements would be one or more 
‘floating islands ””—ships anchored at selected positions— 
with trained meteorologists and forecasters aboard, to 
serve as collecting stations where weather reports would 
be charted and forecasts disseminated on fixed schedules. 
This is not possible of realization in the near future. 

The most practical solution of the problem at the pres- 
ent time is the use of ships traveling the lanes with more 
or less regularity. The practicability of such a scheme 
already has been demonstrated by the French training 
ship Jacques Cartier. This ship has among its corps of 
instructors experienced meteorologists ad forecasters, 
and on each of its voyages daily weather charts are pre- 
pared from weather reports furnished by ships within 
call and the weather reports and bulletins out cast from 
the Arlington naval radio station and the Eiffel Tower. 
The forecasts are broadcast from the Jacques Cartier on 
regular daily schedules in both English and French. 

he United States Weather Bureau is deeply inter- 
ested in this pioneer project and is cooperating in the 
work. Maj. i, H. Bowie, the supervising forecaster of 
the Weather Bureau, took passage on the » Hens Cartier 
on its return voyage to France on February 11, 1923, for 
the purpose of assisting in the forecast work and observ- 
ing the working of the scheme, especially in connection 
with the collection of observations by radio, and with the 
ultimate object of developing a program of service on 
American ships. 

The dissemination by the Weather Bureau of weather 
information, forecasts, storm and hurricane warnings for 
the benefit of marine interests is believed to be the most 
complete and effective in the world. This valuable and 
indispensable service is accomplished in major part 
through radio stations operated by the Navy Depart- 
ment, and the Weather Bureau is greatly indebted to the 
officers connected with its radio operations for their 


_ cordial and sympathetic cooperation in this work. 
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Weather maps at sea.—The first weather map prepared 
at sea of which the Weather Bureau has a record was 
aboard the Red D Line S. S. Caracas, on December 1, 
1905. The map was made by Mr. B. C. Kadel, an official] 
of the Weather Bureau, when on his way from Willem- 
stadt, Curacao, to New York. When off Cape Hatteras 
the weather was thick and the sea rough. The wireless 
operator, at the request of Mr. Kadel, obtained reports of 
barometric readings, state of weather, and wind direction 
and force from a number of ships and from a radio sta- 
tion on the Jersey coast and another at Hatteras. These 
reports were charted, and an accurate forecast was made 
that the Caracas would be out of the storm area by 
morning. 

In August, 1908, Dr. P. Polis, director of the meteoro- 
logical observatory at Aachen, we | made weather 
maps every day on board the S. S. Kaiserin Augusta 
Victoria during a passage from Germany to the United 
States. The reports were obtained by radio from United 
States coastal stations, from Europe, and from other 
ships. 

The preparation of weather maps on ships is now 
common practice. The Weather Bureau furnishes mas- 
ters special base maps for the purpose and the data are 
obtained from weather bulletins which it issues and 
broadcasts through naval radio stations. By means of 
the weather map storm centers are located and charted, 
and they provide a valuable aid in navigation. 


Serving agriculturists by radio.—The act of Congress 
creating the Weather Bureau contains the expression, 
“for the benefit of agriculture, commerce, and naviga- 
tion.”” Until recent years it was not possible to extend 
the benefits of the service effectively to agricultural in- 
terests, because a large proportion of the farmers could 
not be promptly supplied with weather forecasts and 
warnings of cold waves, heavy snows, frosts, etc., by 
ordinary means of dissemination. Extension of telephone 
lines into rural communities overcame a part of this diff- 
culty, but large numbers of them could not be served 
thereby. 

The Weather Bureau recognized the possibilities of 
radio in reaching agricultural interests and it began the 
dissemination of forecasts by this means as early as 1914. 
In January of that year arrangements were made for the 
broadcasting of forecasts by a station operated by the 


University of North Dakota, and nine amateur operators. 


in that State received the forecasts in this way and made 
local distribution of them. In June, 1915, similar ar- 
rangements were made at Illiopolis, Ill.; Rock Island, IIl.; 
and Springfield, Ill. Sixteen amateurs, owning receiving 
sets, were known to obtain and distribute the forecasts. 


On February 15, 1921, broadcasts of forecasts by radio 
stations operated by the Post Office Department in con- 
nection with its air mail service at Omaha, Nebr., and 
North Platte, Nebr., were begun, and a little later from 
its stations at Washington, D. C.; Bellefonte, Pa.; St. 
Louis, Mo.; Cheyenne, Wyo.; Rock Springs, Wyo.: 
and Salt Lake City, Utah. The service from St. Louis 
and Bellefonte was in operation only a few months. 


The distribution of forecasts by radiotelegraphy to 
interior points served a valuable purpose, but it was of 
limited use to farmers, because few of them could take 
the time required to learn the telegraph code, and on 
that account they did not feel justified in installing 
receiving apparatus. However, the marvelous develop- 
ments in radiotelephony during the past year or two 
changed the situation, and the Weather Bureau has kept 
abreast of these developments. 
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Broadcasting twice daily, at 10 a. m. and p. m., by 
radiotelegraph from the Arlington naval radio station of 
weather forecasts for each of the States comprised in the 
Washington forecast district, and on Wednesdays (April 
to October, inclusive) a summary of weather conditions 
as they affected crops during the preceding week, was 
inaugurated June 26, 1922. Similar services for the 
States in the Chicago, San Francisco, and New Orleans 
districts were begun June 20, 1922, August 23, 1922, and 
January 1, 1923, respectively. 

Radiophone weather broadcasts.—The first systematic 
radiophone broadcasts of forecasts were made from the 
station operated by the University of Wisconsin begin- 
ning with January 3, 1921. Prior to that date and since 
October 1, 1916, broadcasts had been made therefrom by 
radiotelegraph. The next radiophone forecast distribu- 
tion service was inaugurated on April 26, 1921, by the 
St. Louis (Mo.) University. This was the first station to 
disseminate river forecasts by this means. 

On July 1, 1921, 12 radiophone stations in 7 States were 
broadcasting weather information, daily forecasts, river 
forecasts, crop information, cold-wave, frost, and other 
warnings. Since that time the work has been rapidly 
extended, and at the present time 140 radiotelephone sta- 
tions in 39 States are engaged, as follows: 


1 
11 | New Mexico................. 3 
1 | North Carolina. .......... 
2 
3 
4 | Pennsylvania............... 6 
3 | Rhode Island............... 2 
3 

3 


Practically all of the State forecast radio distribution 
work is conducted in cooperation with plants owned by 
individuals and commercial organizations, and at very 
little expense to the Weather Bureau. The forecasts and 
warnings are supplied them, as a rule, by telephone from 
field stations. 

No broadcasting of weather reports and forecasts by 
radiophone were made by the Navy Department until 
February 15, 1923, on which date such service began from 
the Arlington station on 710 meters wave length. This 
service consists of the broadcasting, twice daily, at be- 
tween 10:05 and 10:20 a. m. and p. m., of the forecasts for 
each of the States comprised in the Washington forecast 
district (all States east of the Mississippi River except 
Michigan, Illinois, and Indiana) and a general forecast for 
the district. Special warnings of cold waves, frosts, heavy 
snows, ete., issued in the afternoon and not included in 
the regular morning and evening broadcast, are dissem- 
inated between 3:45 and 4 p.m. Distant control opera- 
tion 1s a feature of this service. The Weather Bureau 
office is connected by telephone with the radio operating 
room of the Navy Department, and the forecasts are an- 
nounced from the forecast room of the Weather Bureau. 

At a meeting of the Inter-departmental Advisory Com- 
mittee on Governmental Radio Broadcasting held on 
February 2, 1923, it was decided to transfer all broad- 
casting bone dy jhe Post Office Department for the De- 
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partment of Agriculture, including the Weather Bureau, 
to the Navy Department. The Arlington radiophone 
service was inaugurated in accordance with this program. 
This affects the service performed by the Post Office radio 
stations at Washington, D. C.; Omaha, Nebr.; North 
Platte, Nebr.; Rock Springs, Wyo.; and Salt Lake City, 
Utah, and broadcasts of weather reports and forecasts 
from Washington were discontinued February 15, and 
from the other stations of the Post Office Department on 
March 1, 1923. 


WEATHER BUREAU REPRESENTATION ON INTERNATIONAL 
AND OTHER RADIO BOARDS. 


An international conference on wireless telegraphy was 
held in Berlin, June 28, 1906, on invitation extended by 
the German Government. The then Chief of the 
Weather Bureau, Prof. Willis L. Moore, was designated 
as the representative of the Department of Agriculture, 
but he was unable to attend. The transmission of 
meteorological observations evidently was not a serious 
subject of discussion and was not mentioned in the 
articles of agreement. 


Professor Moore also represented the Department of 
Agriculture in the International Radio Telegraph Con- 
ference which was held in London during June and July, 
1912. He attended the meetings and was signatory to 
the articles of that convention, which are now in effect. 
Meteorological observations and their transmission by 
coastal stations entered largely into the discussions, and 
Professor Moore took an active part in the formulation of 
Article XLV, which pertains to that feature of radio work. 


In 1914 a committee of representatives of the several 
departments was appointed to draft regulations for radio 
telegraphy. Prof. A. J. Henry, of the Weather Bureau, 
was designated and served as the representative of the 
Department of Agriculture. 


On October 21, 1915, an inter-departmental committee 
on radio legislation wasformed. Prof. C. F. Marvin, Chief 
of the Weather Bureau, was appointed to represent the 
Department of Agriculture. This committee drafted a 
bill to regulate radio communication, which was intro- 
duced in the House of Representatives on December 22, 
1916 (H. R. 19350) and in the Senate on December 19, 
1916 (S. 7478). 


On September 14, 1920, the American delegates to the 
reliminary conference on communication, to be held in 
Weshinaien on October 8, 1920, invited Prof. C. F. Marvin 
to meet with them prior to the convocation of the confer- 
ence for the purpose of discussing the subjects to be consid- 
ered by the delegates to the radio protocol. The discussions 
of most interest to the Weather Bureau related to arrange- 
ments for the international exchange of meteorological 
reports by radio, and resulted in specific recommenda- 
tions relating to collection of reports over extended areas 
by particular nations, who should become responsible for 
their redistribution to other cooperating nations; also to 
the procurement of a much greater number of meteoro- 
logical reports from ships at sea. However, the dele- 
gates were disposed to regard these matters as foreign to 
the real purposes of the convention, and no action thereon 
was taken. 


Early in 1921 the Secretary of State created an inter- 
departmental board to consider questions concerning 
communication, especially with reference to radio and 
telegraphic service for the Government. On May 17, 
1921, Secretary Wallace nomiuated Professor Marvin as 
the representative of the Department of Agriculture. 


aie 
ig 
| 
| 
| 
ora 
q 
| 
| 
| 
| 
+ : 
4 
| 
’ 
4q 
i 
4 
the 
| 
: 
¥ 
St 
| 
| 
< 
) 
| 
| 
+ 


10 MONTHLY WEATHER REVIEW. 


JANUARY, 1923 


METEOROLOGICAL STATIONS IN HIGH LATITUDES.' 


By Sm Frepericx Srupart, Director, Meteorological Service of Canada. 
{Meteorological Office, Toronto, Canada, February 23, 1923.] 


As the years go by, the public, in the many countries 
which maintain meteorological services, become more 
and more convinced of the necessity of an increased 
knowledge of the climatology of land and sea and also 
of the usefulness of weather forecasts, but even now 
a which control national expenditure appear 
oth to supply the funds for special investigation, the 
expediency of which is obvious to the scientific worker. 

Our legislators do certainly regard with favor the 
efforts of the meteorologist to supply data recognized 
as important in furthering the successful accomplish- 
ment of many activities in commerce and finance. 
They readily allow that a knowledge of the weather 
prevailing along trade routes is useful and that accurate 
weather forecasts for the coasting shipping is desirable. 
Also the data demands by engineers covering rainfall 
and snow over watersheds to be utilized either for 
irrigation or for electrical power is recognized as being 
indispensable. 

en, however, it comes to granting funds for the 
Aon aa of an out-of-the-way Arctic station—or a 
lonely island station, the benefits to be derived are not 
quite obvious and difficulties may arise. 

It is certain, moreover, that in order to have a full 
understanding of the atmospheric circulation data must 
be received from all portions of the globe. There is 
no other science in which the problems to be solved 
requires more international cooperation than does 
meteorology which deals with the atmosphere and its 
circulation. The initial stages in the development of 
a storm which may devastate a portion of the United 
States coast may have occurred in Canada and vice 
versa, and the successful warning of many a disastrous 
hurricane in the south has been from information received 
from Mexico and the West Indies. 

In early days of the synoptic weather map, the data 
on which forecasts were based was very meager compared 
with that which we possess to-day. In looking over the 
early charts showing storm tracks it is interesting to 
note how fallacious were our ideas as to the real location 
of the tracks of depressions; many were shown as being 
near the fiftieth parallel, whereas the centers were in 
reality much farther north, and during the colder months 
were probably the offspring of deep barometric depres- 
sions off the northern coasts of Alaska. Then again, 
there was always doubt regarding the approach of anti- 
cyclones from the Northwest and it was not until the 
Northwest States and Manitoba were in the grip of the 
blizzard that warning of cold waves could be dispatched 
to the region of the Great Lakes. 

Forecasts were not issued by the Canadian Service 
until October, 1876, and for several years Winnipeg 
was the most outlying telegraph-reporting station in 
the Northwest; it was several years later that Qu’ Appelle, 
Battleford, Calgary, and Edmonton, became reporting 
stations, and it was not until 1890 that we had reports 
from British Columbia. During all these early vears 
the Canadian Service, and I doubt not the American 
Weather Bureau, quite realized how much they were 
handicapped by the lack of data from the North, and 
inany years were to pass before there was any marked 
improvement. Canada opened a telegraph station at 
Dawson City, Yukon Territory, in 1900, but the telegraph 


? Presidential — given before the American Meteorological Society, at Boston, 
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line was more often down than up and being so far distant 
from other stations, its usefulness was not equal to what 
it is to-day. 

That meteorologists were of the opinion that a knowl- 
edge of pressure distribution in high latitudes is essential 
to a fuller understanding of atmospheric circulation is 
certain from the numerous discussions at the various 
meteorological conferences which were doubtless an 
important factor leading to the establishment of stations 
in Iceland and Spitzbergen and quite recently Jan 
Mayen Island. 

In my opinion one of the greatest advances made in 
the weather map from the point of view of research 
workers in the United States and Canada occurred when, 
in 1912, the Alaskan stations began to transmit their 
reports to Washington. This was a splendid contribution. 

About the same date also European reports were 
first received regularly in both Washington and Toronto, 
but unfortunately just as we were beginning to thoroughly 
appreciate their value, the war broke out and it was not 
until April, 1921, that they were resumed. 

I am glad to be able to state that during the next 
summer Canada will place several wireless stations in 
the valley of the Mackenzie River, which will we trust 
afford valuable data supplementary to that received 
from Alaska, regarding the development of anticyclonic 
areas and cold waves. 

It seems a far cry from Alaska to Great Britain and 
northwestern Europe but by great circle across the polar 
regions the distance after all is not so very great, and when 
we enter the barometric readings of Europe, Spitzbergen, 
tceland, and Jan Mayen Island on a meteorological chart 
of polar projection and enter on the same chart the 
Alaska readings, together with the reports from regular 
American-Canadian weather chart it is usually possible 
to interpolate for the polar regions and connect and join 
up the isobars of northern Europe with those of northern 
America. Charts thus prepared show us a great deal 
and would appear to indicate that the general character 
of the winters of the Northwestern States and north- 
western Canada and even of the Great Lakes depends 
very largely on the meteorological conditions over the 
North Pacific Ocean and Alaska. We know that durin 
the winter months radiation over the wide land areas 0 
Siberia and northern America leads to the formation of 
high pressure and intense cold. These maps make it 
clear, however, that in some winters at least, the North 
Pacific Low plays a réle which tends greatly to modify 
the pressure distribution in northern America. In these 
winters deep depressions come in over the Aleutian 
Islands and northern Alaska and seem actually to prevent 
the formation of anticyclones over the Mackenzie River 
Valley, and when this occurs mild winters may be looked 
for throughout northwestern America and even to the 
Great Lakes. 

In other winters the North Pacific Lows either lack 
energy or approach the American coast much farther 
south and then anticyclonic conditions take control in 
the north and great cold waves sweep southeastward 
over the continent. In such winters it would almost 
seem that the Siberian high pressures extended across 
as one system into America. 

A study of these northwestern America early winter 
types of pressure distributions is exceedingly interesting, 
and it appears to me that there is perhaps no part of the 
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continent where meteorological conditions can be more 
profitably studied, leading as they do to such far-reaching 
results. 

It happens that within the past five years there have 
been saad examples of extreme types of both dominant 
anticyclonic and cyclonic conditions in these high lati- 
tudes. In December, 1917, the anticyclone was domi- 
nant in northwestern America. In December, 1918, 
it was the cyclone which dominated and southerly and 
southwesterly winds prevailed through the Canadian and 
American west even to the Great Lakes. 

In view of the facts I have outlined, it appears to me 
to be desirable that the number of stations in the Arctic 
Zone should be augmented. The existing Alaskan sta- 
tions are admirably situated, but another station at 
Point Barrow vould be a great acquisition. A few sta- 
tions in northeastern Siberia would be most instructive 
and one hopes that their establishment will not be long 
delayed. Canada, as before stated, will this coming 
summer place wireless stations at a few points in the val- 
ley of the Mackenzie River and one hopes that a couple of 
stations in Baffin land will be in existence within a year 
or so. The North American stations will then link up 
well with the Danish and Norwegian stations of Green- 
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land, Jan Mayen, Spitzbergen, and others, thus affording 
splendid data for investigating _— in the polar front. 
While advocating an increase in the number of meteor- 
ological stations in high latitudes, [| am not unmindful 
of the fact that a meteorological survey of the Pacific 
Ocean with its varying currents and temperatures may 
be even more important than a land survey, as the varia- 
tion in the intensity of Pacific cyclones may depend 
largely on variations in ocean temperatures. 
ssuming now that the great importance of stations in 
the far northwestern portions of North America has been 
demonstrated, we might with perhaps equal certainty 


_ show that wireless stations on Hudson Bay and in Baffin 


land would be most useful. When great anticyclones 
come in over western America their dominating influence 
is usually lessening as they spread toward the Atlantic 
coast, and we find that some of the coldest waves in 
eastern Canada accompany high areas coming in over 
Labrador, which high areas develop over the north- 
eastern, not the northwestern, portion of the continent; 
and again these Hudson Bay and Labrador high areas 
represent the conditions under which Atlantic coast 
depressions are apt to develop, and moving northeast 
give severe storms along the Atlantic steamship routes. 


FREQUENCY DISTRIBUTIONS OF DAILY AND HOURLY AMOUNTS OF RAINFALL AT GALVESTON, TEX. 
By I. R. TANNEHILL, Meteorologist. 


{Weather Bureau, Galveston, Tex., December 15, 1922.] 


The rapidly-increasing use of rain insurance invites 
attention to the frequency distribution of rainfall. There 
has been ncemaleeaile discussion of this subject in recent 
years and little hope is offered for a mathematical solu- 
tion. Frequency polygons and other graphical solutions 
have been presented and these are valuable in that they 
disclose certain peculiarities in the frequency distribution 
of rainfall, perhaps local, which must be taken into ac- 
count in any complete description of the climate and 
which would otherwise escape attention. 


One of these peculiarities is the skewness or assym- 
metry of rainfall distributions.' The study of a series of 
rainfall-frequency polygons shows that the distribution 
of annual amounts does not conform to the law of errors: ? 
that negative departures occur somewhat more frequently 
tnan positive and that the amount occurring with the 
greatest is less than the mean. In considera- 
tion of monthly amounts it is found that the distribution 
is less symmetrical and may be multimodal.* The fre- 
quency distribution of daily amounts bears no resem- 
blance to the normal or Gaussian distribution of errors. 
It is best represented by a J-shaped curve. 


Thus, we find that shortening the period of time in 
which the individual amounts fall apparently increases 
the skewness or asymmetry of the distribution. 


Therefore the problem that confronts the insurance 
company in the establishment of rates for rain insurance 
is the most difficult, since hourly and daily amounts are 
insured against and chiefly the former. 


_We may obtain an average value of rain frequency for 
either the day or the hour in any given locality. In the 
long run these averages will be borne out approximately. 

iin Insurance is not issued for all hours of the day and 
night with the same frequency, nor for all seasons with 
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st Marvin, Charles Frederick: Elementary Notes on Least Squares, the Theory of 
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the same frequency, and therefore the averages or means 
are not trustworthy. 

Again, all amounts of rain are not insured against. 
The policies usually limit the amounts to 0.10 inch or 
more, or to 0.20 inch or more. Another artificial limit 
has been introduced which greatly complicates the 
problem. 

In preparing a table of premium rates for rain insur- 
ance the insurer depends upon the records of the Weather 
Bureau. Rain data are usually in the form of means 
and totals together with rather limited information con- 
cerning the frequency of certain extremes or excessive 
amounts. Because of the fact that the distributions of 
rain frequency are unsymmetrical in monthly and annual 
amounts and altogether asymmetrical in daily and hourly 
amounts, these means are of doubtful value in determin- 
7? probability of occurrence of certain amounts. 

or example, the Weather Bureau computes a normal 
fall of rain for each day in the year. This amount may 
be, say, 0.12 inch for January 1 in a given locality. This 
value, 0.12 inch, is of no particular value in determining 
the probability of rain on January 1. At Galveston the 
normal for January 1 is 0.15 inch. In the 50 years this 
station has been in operation, the amount 0.15 inch has 
never occurred on January 1. 

It would be possible to compute a normal fall for each 
hour of the year. Such a value would have no particular 
use. How, then, is the insurer to arrive at any trust- 
worthy conclusion as to the amount or amounts likely to 
occur with the greatest frequency and how is he to deter- 
mine the frequency with which a certain amount will be 
exceeded 

Rate tables have been issued, however, and one com- 
- 7 states that rain insurance is being written almost as 

reely as fire insurance. Apparently these rates are based 
upon the frequency of days with 0.01 inch or more of pre- 
cipitation. 

In the following, the frequency of daily and hourly 
amounts of precipitation will be discussed with reference 
to Galveston, Tex., in the attempt to show that the aver- 
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age frequency of any amount is not a reliable basis for 
determination of such rates and that the insurer must 
take into consideration at least three facts: (1) That the 
frequency distribution of daily and hourly amounts is 
asymmetrical and that the mean is therefore not alto- 
gether trustworthy; (2) that mean rain intensity varies 
with time and place and therefore the frequency of any 
given amount of rainfall is not a reliable alieathon of the 
fre uency of any other amount; (3) that rain frequency 
exhibits a decided daily march at Galveston and other 
places and that the maximum frequency may be five times 
or more in excess of the minimum. 

In the Review for February, 1921, will be found the 
frequency distributions of monthly rainfall at Bingham- 
ton, N. Y.°. These histograms are characteristic of daily 
rainfall. The frequency curve best fitting these data has 
been described as of the J-shape, though the curve which 
fits the frequency distribution of various percentages of 
cloudiness is more nearly the J-shape. 
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Fic. 1—Freguency distribution of hourly amounts of rainfall at Galveston, Tex., 


during the year 1921. Mean of measurable hourly amounts was 0.14 inch. Curve 
fitted approximately. 

In Figure 1 is shown the frequency distribution of 
hourly amounts of rainfall at Galveston, Tex., during the 
year 1921. Though this is a short period used in the 
grouping, the distribution approximates the form of the 
daily distribution. In this figure a total of 244 values 
were grouped up to and ischial 0.30 inch. The mean 
of all hourly falls, totaling 285, is 0.14 inch. There were 
11 departures equal to the mean, or with a departure of 
zero. Only 26 per cent of all departures Were positive. 
This distribution does not include the number of occur- 
rences of a “trace’’ of rainfall nor of hours with no rain, 
the latter two classes totaling more than 8,000. 

It is apparent that the mean hourly or mean daily rain- 
fall is of no value in determining the probability of rainfall 
on any particular day or in any stated hour. 

Table 1 shows the average number of days in a month 
at Galveston, Tex., With 0.01 inch or more, 0.04 inch or 
more, 0.25 inch or more, and 1 inch or more, for summer 
and Winter months, roughly. This covers the 50-year 
period of observation at Galveston. 

* Weeks, John R.: Climate of Binghamton, N. Y., shown by the Histogram Method; 
Mo. WEATHER REV. February, 1921, 49: 53-62. 
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TABLE 
Average number of days with— 
Month. 

0.01 inch | 0.04 inch | 0.25inch| 1inch 
or more. | or more. | or more. | or more, 
June, July, August, and 8.7 7.0 3.7 

December, February, 


It will be noticed that there is a asm’ frequency of 
days with 0.01 inch or more in November to March, 
inclusive, but that the summer months show a greater 
frequency of the larger amounts. Therefore insurance 
rates based on the number of days with rainfall 0.01 inch 
or more for the several months will be in error because of 
the greater average rain intensity at some seasons than 
others. 

One insurance company now makes a rate for insur- 
ance against amounts of 0.20 inch or more at Galveston 
in the month of November $4.98 per $100 and in Febru- 
ary $5.53 per $100. This is evidently based on frequency 
of days with 0.01 inch or more rainfall. 

Yet the 50-year record at Galveston indicates that, 
though 0.01 inch or more fell on 398 days in November 
and 467 days in February, there were only 133 days with 
0.25 inch or more in February against 165 days in 
November. ‘That this is the case is indicated in Table 1, 
showing that it is not fortuitous but is a characteristic of 
the season. The average rain intensity in November is 
greater than in February. ' 

Thus we can not accept the average daily or average 
hourly fall as a criterion. Such averages are practically 
worthless because of the asymmetry of daily and hourly 
rainfall distributions. Information as to the frequency 
of certain amounts is required. 

Though we have tabulated the frequency of days with 
0.01 inch or more, 0.04 inch or more, 0.25 inch or more, and 
1 inch or more, these data are insufficient. The frequency 
of any one of these amounts is not a reliable indication 
of the frequency of any other amount. If we are con- 
cerned with the frequency of hourly or daily falls of 
0.10 inch or 0.20 inch we must determine these facts 
directly and not by assumption. 

Figure 2 shows the frequency of amounts of 0.01 inch 
or more at Galveston, Tex., for each hour during the 
months June, July, August, and September in the 10 
years 1913 to 1922, inclusive. There is a very pronounced 
daily march of rain frequency. The horizontal line at 
frequency of 44 represents the average of hourly fre- 
quencies. It will be seen that rain frequency at hours 
usually named in policies is considerably less than the 
average and therefore considerably less than would be 
indicated by consideration of the average number of 
days With 0.01 or more. 

he causes of this variation of rain frequency were 
explained in the WeatHerR Review for Sep- 
tember,‘ 1921, where a similar daily march of rain fre- 
ey at Corpus Christi was discussed. There it was 
shown that the daily rise of the sea breeze about noon is 
sufficient to suppress convection. The mean hourly 
wind movements at Galveston are also shown in Figure 
2, indicating that the reduction in rain frequency in the 
afternoon is due to increased Wind movement. Atten- 
tion is invited to the fact that both at Galveston and 


4 Tannehill, I. R.: Wind Velocity and Rain Frequency on the South Texas Coast; 
Mo. WEATHER REv., September. 1921, 49: 498-499. 


| | 
| 
oR 
. 
q 
= 
\ 


January, 1928. 


Corpus Christi the frequency of rain begins to decrease 
when the wind movement has reached a value approxi- 
mately 12 to 13 miles per hour. 
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Thus it will be seen that the average number of days 
with 0.01 inch or more gives no indication of the relative 
frequencies of hourly amounts in summer months in the 


Figure 3 shows the daily march of rain frequency dur- afternoon and early evening, for which hours rain insur- 
ing the months of November, December, January, Feb- ance is usually issued. 
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Fie. 2.—Mean hourly wind velocity, Galveston, Tex., June, July, August, and September, 1913-1922, inclusive, and 
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of occurrences of rain, 0.01 inch or more, June, July, August, and September, 1913-1922, inclusive. 
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Fie. 3.—Hourly frequencies of 0.01 inch or more rainfallin months of November, December, January, February, and 
March, for 10-year period, November, 1912, to March, 1922. 
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Fig. 4.—Number of occurrences of rainfall of amounts 0.10 inch or more, and 0.20 inch or more, during months 
of June, July, August, and September, from 1913 to 1922, inclusive. 


ruary, and March. -Occurrences of 0.01 inch or more in 
those months during 10 years, November, 1912, to March, 
1922, inclusive, were tabulated by hours. It will be 
noticed that there is a rather poorly defined daily march 
With the maximum — about 9 a.m. The aver- 
age hourly frequency of 66 he that period is shown by 
the horizontal heavy line. During the early evening there 
are slightly lower rain frequencies than the average. 


The error in this assumption is, however, somewhat 
more aggravated than these figures Would indicate. The 
amounts insured against are usually 0.10 inch or 0.20 
inch. Figure 4 shows the huurly march of rain fre- 
oa uring months of June, July, August, and 

eptember for the years 1913 to 1922, inclusive, and the 
values charted were 0.10 and 0.20 inch or more. It will 
be seen that the march of hourly frequencies of 0.10 inch 
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or more and 0.20 inch or more is even more pronounced 
than that of 0.01 inch or more. 

To illustrate this point, see Figure 5. The mean 
frequencies for the day for each amount, 0.01 inch, 0.10 
inch, and 0.20 inch are shown as 100 per cent, and the 
hourly frequencies are shown in percentage of the average. 
By this means it is easily seen that the amplitude of the 
daily variation is greater for the larger amounts. 

If we use the number of days with 0.01 inch or more in a 
month as an indication of the frequency of 0.20 inch or 
more in any period for which insurance is to be issued, 
we are assuming that the hourly frequency is a straight 
line as represented by 100 per cent in Figure 5, whereas 
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the frequencies at 9 a. m. and 9 p. m. differ by more than 
200 per cent. 

In conclusion, it is evident that we can determine the 
frequency of any given amount in any stated period in 
only one way and that is by considering the individual 
occurrences of that amount in the stated period and 
grouping these values about a mean. There is a grow- 
ing need for information of this character, both for rain 
insurance and for agricultural purposes. It is clearly 
evident that averages and means for rainfall data are 
not trustworthy as an indication of future occurrences. 

Studies of this character bring to light certain peculi- 
arities in the distribution of rainfall locally, not other- 
wise suspected. 
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Fig. 5.—Hourly frequencies of 0.01 inch, 0.10 inch, and 0.20 inch, expressed as percentage of the average hourly frequency. 


LOWERING OF KANSAS RIVER CHANNEL AT TOPEKA, KANS. 


By S. D. Frora, Meteorologist. 
[Weather Bureau, Topeka, Kans., October 12, 1922.] 


The frequent occurrence of record-breaking low stages 
in the Kansas River at Topeka without any apparent 
cause in the way of diminished precipitation in the 
drainage basin of the stream led to an investigation 
which seems clearly to show a lowering of the river 
channel of about a foot in the past 5 years and slightly 
more than 3 feet in the 18 years since the record was 
begun. Only stages for the 6 warm months, April to 
September, inclusive, of each year were considered in 
the investigation, as the record is not complete for all 
winter months. 

Two methods were used in this study. The first was 
the utilization of a “floating” 5-year average—that is, 
by obtaining the average stages for successive 5-year 
periods from the beginning of the record and plotting 
them. (See fig. 1.) The second was the construction 
of a trend from a formula in use by statisticians, which 
has the advantage of making it possible to plot the change 
from the first year of the record to the last. (See fig. 2.) 
The graph representing this trend was obtained by means 
of the accompanying table. 

It is interesting to note that the two methods corrob- 
orate each other closely. Figure 1 shows a lowering of 
the stage of 1.2 feet in the last 5 years of the record and 
Figure 2 a lowering of 0.95 feet, while from 1909—the 
first year for which a 5-year mean is available—to 1922 


the change is 2.80 by Figure 1 and 2.66 by Figure 2. 
The straight-line trend extended to the first year of the 
record shows a total lowering of 3.42 feet in the stream 
channel in the 18 years under discussion. 


Table showing trend of river stages at Topeka, Kans. 


B. 
A. Average 
Year. gauge Cc D E F 
height. 
9.5 —161.5 289 8.76 
7.6 —15 —114.0 225 8, 57 
10.4 —l11 —114.4 121 8,19 
7.8 —7 —54.6 49 7.81 
6.4 —5 —32.0 25 7.62 
7.0 —21.0 9 7.48 
5.5 1 §.5 1 6. 86 
3 33.3 9 6.67 
6.9 5 34.5 25 6.48 
a 5.8 7 40.6 49 6. 29 
7.5 ll 82.5 121 5.91 
5.7 13 74.1 169 §.72 
5.5 15 82.5 225 5.53 
1938+2= 969. 


—185.1+969= —.19= yearly change trend. 
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EXPLANATION OF THE TABLE. 
A is the year to which the data apply. 
B is the average gauge height for the 6 months, April 
to September, inclusive. 


1909 __1910 1911 1912 1913 1914 1915 


@ 
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certainty that the flow has not diminished with the 
lowering of the surface of the stream 3.42 feet since 1905, 
but it seems reasonable, in the light of the past five 
years’ record, to assume that it has not. 


19161917 1918 1919 1920 1921 1922 


aN. 


a 


GAGE HEIGHT IN FEET 


Fic. 1.—Trend of Mg averages of river gauge readings at Topeka, Kans., for the summer 


months, April to September, inclusive. 
the five years immediately preceding. 
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he value for each year is the average stage of 
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Fic. 2.—Trend of river stages at Topeka, Kans. The broken line indicates the trend of average stages for the 
6-month period April to September, inclusive, of each year from the beginning of the record. The straight 


line is the trend, obtained mathematically. 


C is the number of years distant from the middle of 
the record, multiplied by 2 for convenience in further 
computations. 

D is the product of BxC. 

E is the square of C. 

F is the adjusted trend, obtained as follows: The 
average stage of the series, 7.05, is put as the mean 
trend stage at the middle of the series. The quotient 
of the sum of the column headed D divided by one half 
the sum of the column headed E (— 185.1 +969, or — .19) 
is made the yearly change or trend from the mean trend 
stage, which is 7.05. The trend is obtained by sub- 
tracting the trend change, — .19 from 7.05 once for each 
successive year prior to the middle of the series and 
adding it once for each successive year subsequent to 
that point. 

That this decrease in the average gage height has 
not been attended by a corresponding Se cit in stream 
flow is shown by a study of the rating curves that give 
discharge in second-feet lee the past five years, prepared 
by the United States Sunes: 

The rating curve for 1917, the first year for which 
discharge measurements were made, and that for 1922 
are given in Figure 3. No stages lower than 3.5 feet 
occurred in 1917, hence it was not possible to extend the 
curve for that year as low as the one for 1922, when a 
stream-flow measurement was made at a stage of less 
than 2.5 feet. However, the curves show that at a stage 
of 2.5 feet in 1922 the river had a discharge of 790 second- 
feet, which is practically the same as its discharge at 
3.5 feet in 1917, indicating that approximately as much 
water passed the gauge in 1922 as in 1917, when the 
stage ranged a foot higher. In the absence of discharge 
measurements prior to 1917 it is impossible to say with 


DISCHARGE IN THOUSANDS OF 


a 


GAGE HEIGHT IN FEET 


wo 


Fia. 3.—Change in rating curve of discharge of Kansas River, at Topeka, Kans. 
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The cause of the lowering of the channel is not far 
to seek. The sand of which the river bed is composed 
was long ago found to be of excellent quality for con- 
crete work and almost 200,000 cubic yards are removed 
annually in the immediate vicinity of the gage and 
for a distance of half a mile below it for this purpose. 
Evidently this has lowered the control of the stream 
channel for some distance in this particular section of 
the river. In the absence of other gage readings 
nearer than Wamego, 35 miles upstream in an air line, 
and Bonner Springs, about the same distance below, 
neither of which has a record covering more than a few 
years, it is not possible to state how far this lowering 
effect has extended, but rating curves of discharge for 
the past five years at those places do not suggest any 
material change in the river bed, also there has not been 
much sand-dipped out of the river at either point. 

It is difficult to estimate just what effect this lowering 
of the river channel at Topeka will have on high stages. 
Absence of high water during the last two years has 
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revented obtaining discharge measurements above 11 
eet, but the approach of the rating curve of 1922 toward 
that of 1917 at higher stages indicates that at flood 
stage, 21 feet, there will not be much difference between 
the present volume of water passing the gage and the 
amount that passed at the same stage several years 
ago. However, the matter is si investigation, 
especially as the decrease in height of the stages is a 
progressive affair and may go several feet farther in the 
next few years. 

An immediate effect of the lowering of the stages is 
that it has been necessary to tear out the concrete 
floor of the well in which the float of the self-registering 
auge at Topeka operates and lower it more than a 
oot at a considerable expenditure of time and money. 
When the gauge was installed five years ago it was 
assumed that it would register any low stage that might 
occur and this was borne out by past records, but on 
several occasions in the last year of the record the river 
was so low the float rested on the bottom of the well. 


SNOWFALL AND THE RUN-OFF OF THE UPPER RIO GRANDE. 
By Cuart.es E. Linney, Meteorologist. 


[Weather Bureau Office, Santa Fe, N. Mex., December 21, 1922.] 


SYNOPSIS. 


The run-off which appears in the upper Rio Grande is almost wholly 
derived from the melting of snow that falls on the elevated parts of 
the drainage basin in Colorado and New Mexico. Statistics are pre- 
sented showing the mean monthly and annual snowfall as derived 
from an average of 10 stations in Colorado and 12 in New Mexico for 
the period of years, 1909-1922. The measured discharge of the Rio 
Grande, near Buckman, N. Mex:, as determined by the United States 
Geological Survey is also given for the corresponding period and for 
earlier years. 

The average annual snowfall is 97 inches. Assuming that the 
equivalent of the snow was 0.08 inch of water per inch of snow, and 
assuming further that there was no loss by diversion or otherwise and 
that but 29 per cent of the precipitation was measured as run-off, 
that amount of snowfall would correspond to 1,332,000 acre-feet for 
the area above Buckman, N. Mex. This amount corresponds very 
closely with the average run-off for the entire term of years but is some- 
what below the average for the 13 years, 1909-1922. The uncertain 
factors in the above approximation are the water content of the snow, 
diversion, and other losses which can not easily be approximated. 


In a consideration of the snowfall in connection with 
the run-off of the upper Rio Grande it is obvious that 
the calendar year is unsuited to the discussion or tabula- 
tion of data; rather should the year conform, in fair 
measure, to the natural cycle of snowfall and melting, 
and an effort be made to choose a period which will 
most nearly set apart the run-off which can be expected 
from snow, the resulting water to be measured as the 
stream discharge. After some consideration of the prob- 
able date when practically all snow water has found its 
way into the stream, I have chosen a year (or probably 
better, a cycle) to begin with the first of August. But 
in this choice it is admitted, of course, that there is an 
intermingling of rain and snow. It is thought, however, 
that the date chosen sets forth a cycle that is least 
affected, except one that would completely eliminate 
the late spring, summer, and fall run-off. ti some of 
my figures I have done this, setting forth the results 
from snow alone, which will be apparent in the discussion. 


THE PRECIPITATION OF THE DISTRICT. 


The precipitation of winter which occurs over the 
southern Rocky Mountains pertains to the Pacific 
weather type, somewhat obliterated and diffused by the 
distance from the ocean. The humid winds of the 
Pacific are drawn across the region by the influence of 
low-pressure areas over regions near or remote, and 


step by step in its journey eastward the atmosphere 
discharges its moisture over the graduated plateau and 
mountain ranges, till it reaches the crowning peaks 
where occurs its maximum fall, as, for instance, around 
the rim of the San Luis Basin in Colorado and over the 
_ crests of the Sangre de Cristo in New Mexico, 
etween Taos and Colfax Counties, attaining there a 
maximum snowfall of probably 300 inches annually. 
Altitude has much to do with this; in fact it is probably 
the most important factor, next to the eastward move- 
ment of the moisture-bearing winds. General Greely 
gives the following table of altitude areas and precipi- 
tation for Colorado and New Mexico." 


| | 
| Cubic | Average 
Area 
| miles recipi- 
State. Elevations (feet). | precipl- 
| . tation. | (inches). 
Colorado.......-..+-- 5,000 to 31,314 6.1 12. 74 
45, 885 9.2 13. 12 
New Mexico.......... 57) 503 12.4 14.13 


In other words, considering New Mexico only, 71 per 
cent of the possible precipitation of the State occurs above 
5,000 feet upon 66 per cent of the land area, while over 
the really worth-while elevations for the storage of snow 
(7,000 feet and over) only 22 per cent of the precipita- 
tion occurs upon less than 20 per cent of the land area. 
The ratio is somewhat greater for the Rio Grande drain- 
age, since but a small part of it is below 5,000 feet, and 
a relatively large part is above. A very considerable 
part of the 22,300 square miles of the State which is 
above 7,000 feet is within the drainage area of the Rio 
Grande, but not within the district under discussion, 
which includes only the northern part of New Mexico, 
an area of approximately 6,400 square miles, and the 
southern part of Colorado, an area of approximately 
7,300 square miles. 


1 Irrigation and water storage, Ex. Doc. No. 287, 51st Cong., 2d sess., 1891. 


JANUARY, 1928. 


Some idea of the increase of precipitation with altitude 
can be gained from a report of the late Robert R. Briggs, 
of the Arizona climatic service, who compiled a table 
of July records from 104 stations for 18 years, as follows? 


Average for 18 years of July rainfall in Arizona at different altitudes. 


Num- Average | Average 
ber of Elevation (feet). rainfa pd 
sta- (inches). 
tions. days. 


| 


SNOWFALL AND WATER CONTENT. 


Freshly fallen snow, as shown by our experience in the 
western mountain country, has a water equivalent of 
from 3 to 10 per cent, mostly around 5 to 8 per cent, 
according to altitude, temperature, time of day of the 
fall, season, etc. In consistency it varies from the light 
feathery type, the powdery, little pill, or small hail type, 
to the wet clinging type (with many intervening kinds). 
The water equivalent of the first is probably 3 to 5 per 
cent, the second 5, 6, or 7 per cent, and the third 8 to 10 
per cent. Accumulated snow, however, ag becomes 
of higher water content as it is compacted by the pe 
of the upper layers in the recurring falls of snow, aided 
by absorption of the sun’s rays, settling by wind, and more 
or less heat even from the earth itself. It is possible also 
that some water is added by condensation from the atmo- 
sphere direct, expecially in the higher districts where 
cloud formations drag across the mountain tops and fogs 
are thus much more frequent. Tests of snow which has 
accumulated for a considerable time, show that the 
water content goes upward to 20, 30, 40, and even 60 
per cent of its volume, becoming almost ice. 

Various snow samplings and snow surveys have been 
made in the western mountain country and have shown 
water content from 20 to 40 per cent or greater. Mr. H. 
S. Cole, in measuring the drifts in Nevada at 9,000 feet 
and in snow to a depth of 14.5 feet found as high as 
46 per cent of water, and in another of 13.5 feet, found 
it contained 38.4 per cent water. Measurements in 
Maple Creek Canyon in Utah, in depths averaging from 
23 to 52 inches, showed 22 to 35 te cent water content. 
Measurements in Big Cottonwood Canyon, in depths up 
to 9 feet, showed a water content from 33 to 48 per cent, 
and one at 11.5 feet, in a snow slide, showed up to 56 
per cent. When the season of rapid melting is at hand 
the proportion may easily rise to 50, 60, 70, and even 
85 per cent, really becoming ice banks. 

Mr. Alexander McAdie, in an account of the very 
ers snowfall at Summit, Calif. (the greatest in the 

nited States, although at an altitude of only 7,017 feet), 
has shown that 86 per cent of the annual precipitation 
occurs as show, el ng inches, or about 48 inches 
of water. The snowfall has risen as high as 783 inches, 
and has never fallen below 153.8 inches in many years’ 
record. The greatest depth (783 inches) amounted to 
80.1 inches of water and the least (153.8 inches) to 21.8 
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inches of water. A test of the water content in this re- 
markable region showed at the surface 34 per cent water, 
at 64 inches, 45 per cent, and at 174 inches 59 per cent. 


INFLUENCING FACTORS. 


The character of the watershed and the local environ- 
ment have much to do with the accumulation of snow 
and the resulting run-off configuration, topography, vege- 
tation and forestation (or the lack of these), character 
and kind of soil or rock, and many other things enter 
into the accumulation of snow, and in greater or less 
degree the run-off therefrom. When melting is active in 
the spring (and even at times during the winter, when 
warm rains fall over lower levels) a fairly heavy rain may 
result in sudden and unusually large run-off. On the 
other hand, a cold spring, with the season a up 
slowly, may result in long drawn out run-off, large local 
absorption, and even the actual elimination of what earlier 
had promised to be a fair run-off. Streams like the Rio 
Grande, where the spring run-off is so largely dependent 
upon the accumulation of snow, respond quickly to these 
limiting factors. Even changes in the character of the 
watershed by agricultural and lumbering pursuits have 
an effect. These and other things change the character 
and amount of flow from season to season. 


EARLY VIEWS OF THE RUN-OFF. 


In a discussion of the relation between precipitation 
and the run-off, the following appears: * 

Comparison between the precipitation and run-off for the various 
ne of the United States has been made by Henry Gannett, of the 

nited States Geological Survey, who found that where the annual 
precipitation is less than 20 inches no definite relation exists, as appar- 
ently the needs of vegetation require that much. With less than this 
amount of precipitation the run-off will depend almost entirely on the 
intensity of the rainfall rather than upon the total amount. Short . 
violent storms will cause a ccomuuatioale large percentage of the pre- 
cipitation to run off as surface water, whereas the same or even larger 
precipitation occurring as gentle showers may have practically no run- 
off, the water finding its way into underground channels, evaporating, 
or being absorbed by vegetation. As there are only a few points in 
the Rio Grande Basin where the annual rainfall exceeds 20 inches, it 
is seen that no definite relation exists between precipitation and the 
run-off. Any possible relation is still further complicated by diver- 
sion of the waters for irrigation and by the large nonproducing areas in 
the upper parts of the drainage area. 


That these conclusions were probably overdrawn ap- 
pears to be shown by the fact that later Mr. Gannett 
estimated that a mean annual run-off of .3 inches was to 
be expected from the lower valleys and mesas of the 
Lam Rio Grande in New Mexico and of the San Luis 

alley of Colorado, increasing to 10 inches or more over 
the higher mountain areas of the San Juan, Culebra, and 
Sangre de Cristo Ranges. In other words, he estimated 
that about one-third of the annual precipitation reached 
the streams, since the annual amount over the lower val- 
leys and mesas of northern New Mexico and the San 
Luis Valley of Colorado averages from 8 to 10 or 12 
inches, increasing to 15, 17, or 20 over the foothills, and 
to 25 or possibly 30 inches over the higher mountain 
areas, a probable average for the district under discus- 
sion of about 15 inches annually. This is nearly equally 
divided between rain and snow. At the Wagon Wheel 
Gap experiment station, the results gave approximatel 
50-50 basis, and the run-off, from the several years record, 
averaged 29 per cent.‘ 


* Variations in precipitation as affecting water works neering. Am. W. W. Assoc. 
35:0, 85, 86. 1916. 


36432—23——2 


3U.S.G.8. Water Supply Paper No. 358, P. 24. 
4 Mo, WEATHER REV. SUPPLEMENT NO. 17, p. 32. 
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18. 63 4.8 
19. 97 5.4 


The remainder of the precipitation, it was estimated, 
was disposed of as follows: Seventeen per cent lost by 
interception, 18 per cent lost by transpiration, and 36 
per cent loss by evaporation. 


MELTING SNOW. 


Snow occurs from September or October to April or 
May, and the period from about the 1st of October may 
properly be considered as the period of storage, when 
stream flow should be reduced to a minimum. The snow 
of September rarely lies, but is lost by evaporation, 
melting, etc., and a considerable part of the October snow 
is lost in like manner. Little of it, however, really 
reaches the streams, except possibly later as underground 
water. Snow, of course, comes earlier and lasts longer in 
the high altitudes, and disappears earliest from the lower 
levels and the south slopes. North slopes in fact may be, 
and often are, over limited areas permanently covered 
with snow. Snow does not begin to accumulate on south 
slopes until well into cold weather and goes with the first 
increasing warmth. It begins to melt on the south slopes 
in February, but the resulting water does not quic 
become available for stream flow, or even to spadenial 
ground water, since the water first percolates into the 
snow itself, and does not reach the soil till a later stage 
of the melting cycle. Melting is greatly affected by 
slopes and air temperature, and on south slopes meltin 
is often completed before it is even fairly started on nort 
slopes or in the deep canyons. Yet these south slopes 
contribute little to the actual run-off, the moisture 
mostly going to underground flow. 

Experiments indicate that the flow of water from 
melting snow is determined by gravity, and its speed is 
conditioned upon the porosity of the snow directly under- 
neath. Professor Henry concludes that the run-off from 
melting snow must reach the stream largely through 
underground channels. When the snow melts slowly 
the opportunity for percolation into the soil is large, and 
any surface run-off of consequence should not be expected 
until the time of maximum melting, when the surface 
run-off from north slopes is probably greater than ever 
happens in the case of rainfall. This may be due to the 
fact that the shed is then much like a roof, probably with 
frozen soil and practically no percolation possible. 

Snow melts in appreciable measure when the shade 
temperature rises to or above freezing. Melting pro- 
gresses in somewhat increasing ratio as the temperature 
rises, varying, however, with the changing seasons, the 
winds, the humidity, cloudiness, etc., as well as the char- 
acter of the snow itself and the character of the soil or 
rock beneath. On the other hand, melting is checked and 
often largely prevented by the recurrence of cold. As 
an example of almost complete absorption it may be 
noted that there was practically no run-off in the sprin 
“ a and but little in the springs of 1899, 1902, an 
1918. 
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THE RIO GRANDE RUN-OFF. 


One might almost conclude, as we have earlier quoted, 
that the run-off does not bear any relation to the snow- 
fall, but as a matter of fact they are closely related, so 
closely that the plotted curve of the one can almost be 
substituted for the other. A number of rather ingen- 
ious formule have been compiled in attempts to ex- 
press this relationship. Among the most recent is that 
of Mr. Adolph F. Meyer. Others have attempted it, but 
Engineer Birkenbine concludes that 7— 

Such formule do not form a reliable means of building up a chrono- 
logical monthly record of run-off from precipitation records alone. 
Their employment is strictly limited to sheds for which long and accu- 
rate monthly meteorological records of precipitation, temperature, etc., 
are compiled * * *. Under the circumstances the run-off computed 
with tentative coefficients may be compared with the corresponding 
actual run-off, where known, and the first assumption as to the proper 
watershed coefficient modified in the light of this comparison. 

Mr. Meyer himself says (p. 1060, Trans. Am. Soc. C. E., 
Vol. LX XIX): 

Let it be understood at the outset that the writer does not claim to 
have discovered a method of computing daily or even monthly run-off 
from rainfall and other physical data which obviates the necessity for 
stream measurements. He believes, however, that he has found a 
method of computing the annual run-off from widely different water- 
sheds with considerable accuracy, and of computing a reasonable dis- 
tribution of such run-off through the various months of the year for 
most of such watersheds. 

Averaging a fair representation (24) of the snowfall 
stations over the Rio Grande watershed north of the 
river station at Buckman, gives an average seasonal 
snowfall of about 97 inches, and if this were on the ratio 
of 0.08 inch of water to each inch of snow the result 
would be 7.76 inches precipitation; if, however, it. were 
in the proportion of 0.07 inch to each inch of snow the 
result would be 6.79 inches of, ea - On the 
basis of 29 per cent run-off, which actually occurred at 
the experiment station at Wagon Wheel Gap, Colo., 
the first ratio would give 2.25 inches run-off, while the 
second would give 1.97 inches. In the first instance a 
consideration of the acreage would show a full run-off 
of 1,332,000 acre-feet, not allowing anything for loss, 
diversion, use or other items, a figure which is not far 
from the actual annual average run-off, as shown through 
a period of 23 years. If, however, the second ratio were 
used as the amount of water which would find its way 
to the stream, the total run-off would be 1,166,300 
acre-feet, an amount which is somewhat below the average 
annual run-off and in excess of the average spring run-off. 
These figures are not given as a formula, but simply to 
show that an approximation can be made and that there 
is hope of a fairly correct formula in time. 


THE DATA USED. 


A consideration of the data given discloses the great 
height and flow that occurs in the months of May and 
June—from 60 to more than 80 per cent of the sprin 
run-off occurs in these two months, or about one-ha 
of the average annual flow. At times it has been phe- 
nomenal, thus in 1920, 1,500,000 acre-feet passed the 
Buckman station in the two months. An average of 
almost 900,000 acre-feet occurs between the first of 
March and the last of June. 

The greatest annual flow thus far noted was 2,461,600 
acre-feet in 1904-5, while during the prior year the 
amount was only 269,500 acre-feet, the smallest known 
record. The stream was dry that year below Albu- 
querque for many months. The greatest monthly flow 
was 860,000 acre-feet in May, 1920, and the least (for 
a full month) 10,100 in August, 1900. 


Precipi- 
+ Year. tation. Run-off. 
Inches. Inches. 
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On the snow side of the data (since 1909) the winter 
of greatest fall was that of 1915-16, closely followed by 
1911-12, when the station at the old mining camp of 
Anchor measured 483 inches—over 40 feet of snow. 
The least seasonal fall was in the winter of 1917-18, 
when few stations over the watershed had 100 inches, 
and the Anchor station had but 205 inches. 

Explanation of the tables—Table 1 contains the mean 
monthly snowfall for the upper drainage basin of the 
Rio Grande, viz, those areas contained within the States 
of Colorado and New Mexico. The figures in the table are 
the means of individual stations throughout the drainage 
basin in both States. The number of stations in Colorado 
averaged 10, in New Mexico 12, and these numbers 
were fairly constant throughout the period of measure- 
ment. 

Table 2 contains the monthly discharge measurements 
as made by the water resources branch of the United 
States Geological Survey, near Buckman, N. Mex. 
The figures in the units and tens places have been rounded 
off so that the figures in the table represent hundreds of 
acre-feet. 

Table 3 is a summation of annual discharge in thou- 
sands of acre-feet and the average snowfall for the upper 
part of the watershed in inches and tenths. Snowfall 
data for the early part of the run-off period are lacking. 
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Fig. 1.—Discharge of Rio Grande at Buckman, N. Mex. (acre-feet). 


TABLE 1.—Average monthly — upper Rio Grande (inches and 
tenths). 


COLORADO. 

Year. Sept.| Oct. | Nov.| Dec. | Jan. | Feb. | Mar.| Apr. May. | June 
1909-10......... 1.5} 6.9 | 21.8 | 21.4) 12.9/11.8] 7.8] 97) 2.4) 0.0; 96.2 
1910-11 ......... 7.9} 7.6) 12.3 | 12.4] 31.0) 9.7| 62!) T. 87.6 
0 | 10.3 | 12.0! 15.4!) 5.5] 10.5 | 33.8] 16.4) 4.2] 1.6! 109.7 
1912-13.......... 0.3} 10.1) 31] 11.3 | 191/140) 7.6) 01) T. 72.3 
4.9) 3.3] 11.6) 22.2 16.5] 84) 9.6] 15.1!) 3.5!) 95.2 
5.2| 0.4) 15.4 12.7] 23.0} 16.7 | 12.7) 0.5) 95.4 
0.8) 1.7] 7.8) 22.6 | 36.6) 831148] 20.0! 2.5 0 | 115.1 
6.9} 4.2 | 18.0 | 18.3 | 16.5 | 13.9 | 27.9 | 15.7 0 | 121.4 
1917-18......... 0.6) 1.6; 4.0) 1.7] 23.1 | 1.2 0; 68.9 
1918-19......... 23.5; 20.3; 2.0) 17.6] 1.2 0; 90.5 
0.4 | 11.8 | 25.4 | 13.2 | 18.0] 16.0] 27.0) T. | 125.4 
1920-21 ...... 0.3 | 30.7) 4.9 | 17.51) 12.7) 9.4] 11.2] 20.5] 2.9 110.1 
1921-22......... 0; 3.3) 4.3 | 15.1 | 30.4 | 14.2] 21.1] 80) 5.9] 0.2/ 102.5 

Average..' 0.8 | 7.9 | 10.0 | 15.5 | 15.6 | 15.4 | 14.9] 14.4) 4.4] 0.2) 99.1 
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NEW MEXICO. 
| | 
T. | 2.6] 10.0} 18.6] 13.9] 17.9] 66] 5.6); 0.8! 0.0; 76.0 
0| 71] 61/113) 100/278) 84] 21/ 05) 733 
0; 9.2] 19.2] 13.7| 6.3 | 10.2 | 38.2] 24.6; 7.5| T. | 125.9 
35] 5.6] 6.5] 15.7] 305/226] 86)| T. 0! 93.0 
5.7 | 0.8} 11.0] 32.2] 10.1) 9.4| 11.8] 21.7| 7.0 0 | 109.7 
0] 63] 0.2] 21.4] 16.7 | 24.0] 15.5] 14.1) 18.6] 5.4} 122.2 
T. 0.8} 6.7) 185) 53.2) 6.8) 21.4/19.8) 2.8 0 | 130.0 
0] 1.6] 15.1] 186 16.8 | 14.8] 15.8 | 22.5! 0.1 | 107.9 
T. | 0.4] 10] 0.8] 26.7] 16.0| 17.0] 65] 3.1 0! 71.5 
0.3 | 3.5] 16.0 | 26.8] 3.3 | 23.8] 21.2] 128) 21] 0.6 | 110.4 
T. | 4.9] 15.1] 137] 7.0] 9.8| 15.4] 08 0| 84.9 
| 91] 4.0] 19.6] 128] 10.6! 7.8}123] 1.3] 0.1] 77.6 
0] 1.9] 1.8] 931139] 15.0]/123] 3.5] 19] T. | 59.6 
4.1] 7.6| 16.0| 16.0] 18.8] 16.6] 12.3] 5.3| 95.7 
Combined average for drainage basin in Colorado and New Mexico. 
Sept | Oct. | Nov.| Dec. | Jan. | Feb. Mar. | Apr. May. | June. ~ 
The watershed. 
0.6| 3.8| 15.6/ 198/134 151] 721] 7.5! 1.5 | 84.4 
0| 7.5| 68/119) 111 293] 9.0 0.5) 80.4 
0} 9.6) 16.0) 14.4) 6.0 10.4] 63 0.6] 119.3 
0.1] 65) 4.5) 6.61137 253/187] T. | 83.7 
5.4] 1.5) 11.2} 27.9/ 13.0 9.0] 10.9] 19.0) 5.4) T. | 103.3 
0.5} 5.8} 0.3| 15.0 23.5 | 12.0! 154/157) 2.9] 109.8 
0.4| 1.2] 7.2] 204/449) 7.5/181/199| 26| 1222 
| 2.0] 16.5 | 184 | 16.6] 14.4 | 21.2] 19.5] T. | 113.3 
0.2] 0.9! 22) 1.1 | 25.2! 15.2/17.0! 23 0| 70.2 
0.2] 3.5 | 20.0} 24.1| 28) 20.5] 19.7] 10.1] 1.7| 0.3] 102.9 
0.2} 8&2] 19.9| 13.5] 7.7 | 13.5] 17.1| 20.6| 27] T. | 103.4 
1980 0.1) 16.7} 4.3 | 19.2] 12.7) 101] 9.4|15.3| T. | 89.7 
1971-92 ......... 0| 24] 2:8) 11.9] 21.0) 146] 16.0) 5.2| 3.6 | 77.6 
Average..| 0.6] 5.6| 87) 15.8] 15.8 | 16.2] 15.8] 13.2] 4.9 | 0.3} 96.9 


TABLE 2.— Monthly discharge, in acre-feet, of Rio Grande, near Buckman, 
N. Mex. (given to hundreds only, units and tens rounded off). 


{ | | 


| 
Aug. sept. Oct.|Nov., Dec. Jan.| Feb.) Mar. 


Year 


Apr. May. June 


| 
8982,030, 812 291) 355 374) 313/2, 000) 
2217118) 


338) 
695 643/3,360/1,320, 775 486) 428) 947) 
| 83) 


110)15, 793 
080 3, 400/3, 500/15, 375 
0101, 940 683/19, 677 
800/1, 120} 378! 7,947 
710/2, 530/1, 160/12, 448 
915/11, 901 
985/17, 569 
20/4, 550)1, 960/16, 391 
, 850/1,360| 650! 7,533 
, 70/2, 010/1, 380/15, 092 

858/1, 420/8, 600/7, 050)1, 840 23, 890 
597| 467| 625| 484) 451| 471 1,020) 589|6, 720|1, 080,15, 600 
1, 920) 947) 474} 498) 538) 535) 502) 761)1,070/4, 0103, 690) 820 15, 762 

| 


566, 96311, 659/4, 2023, 191/1, 189 15, 000 


1 Incomplete. 


TABLE 3.—Annual discharge of Rio Grande, near Buckman, N. Mex. 
(August to July), in thousands of acre-feet. 


{Add three ciphers to figures in table.] 


Dis- | Snowfall 


Year. charge. | (inches). 


1 
2, 
cn 1, 509 102.9 


= 

| 

1910-11....... 

194112... 

1912-13 ....... 

1913-14....... 

1914-15. ...... 

1915-16....... 

1916-17. 

1917-18........ 

1918-19. 

1919-20....... 

1921-22....... 

Tee 

| 

Per 
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FRANKENFIELD ON THE SPRING FLOODS OF 1922.' 
ALFRED J. HENRY. 
(Weather Bureau, Washington, D. C., February 25, 1923.] 


In accordance with custom, a rather full abstract of the material con- 
tained in MontHty WEATHER Review SuppLeMENT No. 22 is herein 
presented. Those who may find a special interest in the subject and 
desire to obtain the full report can do so by applying to the Chief of 
Weather Bureau while the bureau’s supply lasts. Afterwards applica- 
tion should be made to the Superintendent of Documents, Washington, 
D. C.—Eprror. 


The flood of 1922 in the Mississippi was unique in at 
least two respects, first, in the fact that with the excep- 
tion of the Tennessee and Cumberland Rivers, the main 
stream and its principal tributaries were in flood at the 
same time. The excepted streams, however, contrib- 
uted a very sensiientie volume of water during the 


sippi from the mouth of the Arkansas to the Passes due 
to the great volume of water discharged by the Arkansas 
and White Rivers. It may be added in this connection 
that the United States engineers hold that a large part of 
the excess in the flood stage, especially at Arkansas City, 
Ark., was due to the closure of a Creek, a small 
stream that empties into the Mississippi just above 
Arkansas City. Levees were constructed along that 
creek in 1921. 

The crest stages reached at important points along 
both the main stream and its principal tributaries are 
shown in Table 1 below. For comparative purposes the 


early days of the flood; they can not, therefore, be en- crest stages of ten great previous floods in the Mississippi 
tire y eliminated from consideration. The second strik- have been added. 
ing feature of the flood was the high stages in the Missis- “1 Mo. Weatuer Rev. SurpLeMENT No. 22, Washington, D. C., 1923. 
TABLE 1.—Crest stages and dates during lower Mississippi River floods from 1882 to 1922, inclusive. 
{Highest stages ofrecord in bold-face type.] 
1882 1883 1893 1897 1903 1907 
| * | Stage. Date. Stage. Date Stage. Date Stage Date Stage. Date. Stage. Date 
Cincinnati, Ohio........... DED isccswescks 52 58.6 | Feb. 21 66.3 | Feb. 15 50.6 | May 2 50.1 | Mar. 12 | 53.2 | Mar. 5 65.2 | Jan, 21 
Mount Carmel, Ill.......... | 24.5 | May 8} 26.4 | Mar. 13 | 22.3 | Mar. 12 | 24.5 | Jan, 28 
Nashville, Tenn............ Cumberland..... 40 38.3 | Feb. 22 41.6 | Feb. 14 19.9} May 9 48.7 | Mar. 21 | 40.7 | Mar. 9 28.2 | Jan. 24 
Johnsonville, ee Tennessee....... | 31 43.8 | a «| 29.0 | Feb. 2! 27.0 | May 13 48.0 | Mar. 24 | 33.7 | Mar. 11 | 14.5 Jan. 27 
Mississippi. ..... 30 28. 2 Feb. 22 26.2 | Feb. 26 31.5 | May 3 23.2 | Mar. 28}) 25.8 | Mar. 11 26.3 | Jan. 23 
LS) eee Co eee 45 | 51.9 | Feb. 26 52.2 | Feb. 27 49.3 | May 9! 51.6 | Mar. 251) 50.6 | Mar. 151) 50.4 | Jan. 27 
New Madrid, Mississippi. ..... 38.1 May 9! 40.2 | Mar. 261) 39.5 | Mar. 16}| 39.3 | Jan. 281 
Cottonwood Point, Mo.....|....- Diickcck bones 35 | 37.5 | Feb. 28 37.8 | Feb. 28 36.6 | May 12! 39.4 | Mar. 221 40.0 | Mar. 20 | 38.4 | Jan. 30! 
Memphis, Tenn............]....- | ROSE 35 | 35.2 | Mar. 6! 34.8 | Mar. 5! 35.2 | May 15! 37.1 | Mar. 191) 40.1 | Mar. 20 | 40.3 | Feb. 3 
Helena, OR Bae re 44 | 47.2 | Mar. 9 46.9} Mar. 8! 48.0 | May 25 51.8; Apr. 4 51.0 | Mar. 251 50.4 | Feb, 5! 
ee Arkansas 25 | 26.6 | Feb. 25 25.4 | Feb. 20 28.5 | May 5 $21.4 | Mar. 21; 223.3 | Mar. 13 | 21.0 | Jan. 26 
Clarendon, Ark. ... 33.9 | May 11 31.9 | Mar. 30 ! 32.6 | Mar. 20 | 32.5 | Jan. 9! 
Arkansas City, Ark... .| Mississippi...... 48 47.0 | Feb. 28 46.3 | Mar. 11! 50.3 | May 29 51.9 | Mar. 29 | 53.0 | Mar. 271) 52.1; Feb. 8 
Greenville, Miss............]..... _ eee 42 41.7 | Feb. 271 40.4 | Mar. 10! 44.3 | May 29 46.8 | Mar. 29 | 49.1 | Mar. 27 | 47.3 | Feb. 8! 
Lake Providence, La.......|..... 36.5 | Mar. 11! 41.8 | May 15! 44.5 Mar. 30 | 46.5 | Mar. 27 46.3 | Feb. 9! 
Vicksburg, Miss............ 44.8 43.1 | Mar. 14) 48.3 | May 22!| 52.5 | Apr. 16 | 51.8 | Mar. 27} 49.7 | Feb. 11 
Netebes, Miss. ............- ogee ee 46 47.8 | Mar. 281; 44.0; Apr. 7! 46.8 | May 22!) 49.8 | Apr. 291) 50.4 | Mar. 281 48.9 | Feb, 13! 
Alexandria, La............. | 25.6 | June 8 26.3) Apr. 15! 36.2 | Mar. 22.8 | Jan. 13! 
Baton Rouge, La........... Mississippi...... 35 | 36.0 | Mar. 26 | 35.1] Apr. 9 | 38.4 | June 23 | 40.6 | May 12!) 40.0} Apr. 7} 37.3 | Feb. 14! 
Donaldsonville, 30.6 | June 23 | 32.8 | May 13 | 32.2 Apr. 41) 30.1 | Feb. 16! 
tf 9 See Ree oe 18 | 16.2 | Mar. 27 | 16.6 | Apr. 7} 17.9 | June 24 | 19.6 | May 8} 20.3 | Mar. 271) 19.8 | Feb, 13! 
| Atchafalaya..... | 34.5 | June 25} 36.1 | May 15 | 38.7 | Apr. 37.7 | Feb. 19! 
| Ouachita........ 38.6 | June 21!) 37.9! Apr. 91) 44.5 | Mar. 261) 38. 5 Jan, 23! 
1912 1913 1916 1920 1922 
a6e. | Stage. Date. Stage Dave Stage Date. | Stage. | Date Stage. | Date. 
52 51.7 | Apr. 53! 69.9} Apr. 1 43.9 | Feb. 4 54.6 | Mar. 22 52.2 | Mar. 18 
52.6 | Apr. 23 48.2 | Apr. 19 
15 23.2) Apr. 7} $1 0 | Mar. 30 26.7; 6 20.0 | Mar. 22 24.1 | Mar. 23 
oh ve 23.6 | Apr. 28! 26.0 | Apr. 23 
Cumberland....... 40 46.6 | Apr. 7! 44.9| Apr. 2 20.9} Feb. 3 35.8 ar. 16 45.1 | Mar. 16 
24.0 | Apr. 27 21.7 | Apr. 21 
Tennessee......... 31 35.4 | Apr. 6 33.3 | Mar. 29 25.0 | Jan. 27 29.1 | Mar. 17 36.4 | Mar. 15 
24.9) Apr. 28 20.7 | Apr. 23 
Mississippi. ....... 30 30.8 | Apr. 5 25.8 | Mar. 27 31.5} Jan 31 27.8 | Mar. 30 23.9 | Mar. 17! 
45 54.0 | Apr. 6! 54.8 | Apr. 4° 53.4 | Feb. 4 51.4 | Mar. 31 53.6 | Mar, 25! 
49.5 | May 1} 53.5 | Apr. 25 
40.2} Apr. 1 41.6 | Mar. 27! 
38.6 | May 3 41.7 | Apr. 26! 
Cottonwood Point, Mo 37.6 | Apr. 3! 38.5 | Mar. 28! 
36.5 | May 4! 38.4 | Apr. 28 
40.3 | Apr. 5 42.6 ar. 31! 
38.7 | May 7 42.3 | Apr. 29! 
50.1 | Apr. 8! 52.3 | Apr. 3! 
48.8 | May 9! 53.1 | May 3 
23.5 | Mar. 31 17.7 | Mar. 22 
19.1 | May 21 26.0 | Apr. 16 
bhi 29.6; Apr. 8! 27.8 | Mar. 23! 
29. 2 ay 19! 30.7 | Apr. 11! 
54.0 | Apr. 11! 58.0 | Apr. 22! 
52.4 ay 13! 57.7 ay 3! 
47.0 | Apr. 16 52.1 | Apr. 25! 
45.4 ay 13 52.0 | May 3! 
45.4 | Apr. 15! 49.5 | Apr. 27! 
44.3 | May 13! 49.3 | May 6! 
50.8 | Apr. 19! 55.0 | Apr. 28! 
5 50.4 | May 14! 54.7 | May 7! 
: 51.2 | May 18! 452.8 | May 9! 
27.6 | Apr. 5 37.1 | Apr. 18! 
37.1 | June 2! 37.4 | May 10 
28 34.8 | May 11 32:7| May 8! 34.0 | Mar. 1 31.6 | May 11 435.8 | Apr. 27! 
32.6 | May 18! 35.9 | May 16 
18 22.0 | May 11 20.5| May 8 21.0 | Feb. 281 19.5 | Apr. 281) 422.8 | Apr. 24 
| Atchafalaya....... 37 41.7 | May 61 41.5 | Apr. 24 43.0 | Feb. 14 42.5 May 201 45.9 | May 14! 
Ouachita.......... 40 46.2 | Apr. 22 36.9 | Apr. 29! 40.6 | Feb. 191 41.0} June 5 42.3 | May 9! 
1 And subsequently. 2 Little Rock stage. 3 Absolute crest probably on 7th; nearly stationary from 4th. ‘ Crevasse prevented further rise. 


20 
3. 


January, 1923. 


In general the above table is self-explanatory, the 
maximum flood stage for any gauging station may be 
seen by the full-face figures given in the table; it will be 
noted, of course, that the maximum stages of record in 
the lower river occurred in the 1922 flood. 

Hydrographs of the 1922 flood for selected stations on 
the main streams and for a single station on four of its 
most important tributaries are shown in Figure 1. The 
time interval in this figure is 5 days. The duration above 
the flood stage is shown for each station by a dash | 
line. 

The order of magnitude of the several floods which have 
occurred in the Mississippi is placed as follows: The 1922 
flood was the greatest below and that of 1913 the greatest 
above the mouth of the Arkansas, while the 1912 flood 
might possibly be considered the greatest flood for the 
entire stream, Cairo, IIl., to the mouth. The author 
remarks that owing to progressive changes in the levee 
system comparison with floods previous to 1912 does not 
lead to any significant conclusion. 
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CONTRIBUTING CAUSES OF THE FLOOD. 


Precipitation as snow was not influential in producing 
the flood; precipitation as rain, however, was the dom- 
inating cause. 

Rainfall, amount, character, and distribution.—The rain- 
fall preceding the flood had been quite generous over the 
Ohio Basin during November and December, 1921, and 
over the lower Mississippi and upper Tennessee Basins 
during January, 1922. The rainfall of the last-named 
month over the Ohio and upper Mississippi Basins was, 
however, slightly deficient, so that on the whole the excess 
of November and December, 1921, was probably without 
influence upon the floods that developed later. 

The rains beginning with the last week in February, 
1922, were quite general over practically the entire basin 
and although not heavy enough to produce immediate 
floods, brought the stages of the streams up to within 
striking distance of flood stages should heavy rains fall at a 
later period. The amount of precipitation at representa- 
tive stations in each of the six subdivisions of the entire 
Mississippi Basin for each week from February 22 to Mav 
2, 1922, is given in Table 2 below. 


TABLE 2.—Precipitation, inches and hundredths, by weeks, from February 22 to May 2, 1922 (measured at 8 a. m., 75th meridian time). 


Ohio Drainage Basin. 


| 
Station. River. Feb. 22 | Mar. 1 Mar.8 | Mar.15 | Mar.22 | Mar.29 | Apr.5 Apr.12 | Apr.19 | Apr. 26] , 
| to7. | told. | | to98. |toApr.4.| toll. toi8. | to. |toMay2.| Total 
Allogheny............. 0.16 1.00 0. 68 0.12! 0.68 1.19 1.32 1.38) 0.21 0.00 6.74 
Martin, Monongahela.......... 0.40 1.93 | 0.60 1.38 | 0. 54 0. 66 0.17 2.18 | 0. 06 0.12 
Pittsburgh, Pa... Ohio............. 0.31 1.44 | 0.78 | 0. 54 0. 83 2.17 0. 37 2.70 0.33 0.04 9.51 
arkerst urg, W Va. -do 0.18 1.06 0. 84 2.42 0. 87 0. 87 0.14 3. 27 0.18 0. 22 10.05 
Zanesville, Ohio. -| Muskingum... 0. 18 1.17 0.72 1.35 | 0.70 1.32 0.98 2.70 0. 06 0.19 9. 37 
Tinton, W. Va.... .| Kanawha—New 0.58 1.76 1.4 1.28 | 0. 68 0. 56 Trace. | 0. 88 0.62 0.90 8.90 
Charleston, Ww. V a... 0.40 1.75 | 0.73 0.82 | 0. 56 1.72 2. 55 0. 63 0. 48 9. 64 
Point Pleasant, W. Ohio... Deusen 0. 28 2.07 | 1.06 2.18 | 1.34 0.90 0.10 | 1.96 0.00 0. 26 10.15 
Columbus, 0. 24 0.97 | 0.17 0. 66 0.00 0.41 0. 88 1.8 0.06 0.28 5. 50 
0.18 1.33 | 1.08 2.27 0.45 1.60 0.78 3. 64 0.15 0. 55 | 12. 03 
Portsmouth, 0. 34 1.50 | 0.89 2.15 1.35 1.34 1.01 | 1.91 0.05 0. 44 | 10. 98 
Cincinnati, Ohio 0.31 0.70 | 0.89 0. 68 0. 70 1.59 1,02 | 2. 66 0. 07 0. 57 9.19 
Dayton, Miami 0.31 0.73 1.42 1.59 0. 63 1.44 1.53 | 3.49 0. 02 0. 34 11.50 
ING. 0. 63 0.91 0.98 2.68 1.42 1. 28 1.78 | 2.16 0.17 0.78 12.79 
MN x chindapexipmedenceeeirs Kentucky............. 0.42 1.53 | 2.02 | 1.96 0.52 1.13 1.19 | 2. 56 0.05 0.40 11.78 
Louisville, Ky..... err tere eee pee 0. 34 0.74 | 1.13 | 2.10 1.55 0.94 1. 82 | 3.46 0.01 0.77 12. 86 
Bowling Green, 1.00 2.68 2.03 | 2.75 1.55 1.72 1.73 0. 60 | 0.00 2.22 ; 16. 28 
Woodbury, _ re 0.71 | 1.40 1.34 | 2.28 1.93 1.03 1.47 0.40; Trace. 1.29 | 11.85 
Evansville, 0.47 0). 44 1. 28 2.57 1. 56 | 2.42 0.92 1.70 | 0. 29 1.16 } 12.81 
Indianapolis, 0.41 | 0. 52 2.29 0.76 | 1.80 | 4.31 3. 86 | 0. 06 0.32 16. 12 
Elliston, 0. 59 0. 54 1.12 | 3.32 0.83 2. 63 2. 82 3.13 0.13 0. 55 15. 66 
Terre Taute, 0.41 | 0.56 2. 22 | 2.41 0.81 2.45 | 3.78 6.25 | 0.35 0.19 | 19. 43 
Mount Carmel, Il. 0.20} 0.40 1.05 3.43 1.40 4.19) 1.62 2.25 0.75 0.60 15.89 
Burnside, SS 1.15 | 2. 89 2. 84 | 2.45 0.90 0.78 | 1.78 0.80 | Trace. 2.05 | 15. 64 
Nashville, Tenn... 1.08 2.90 2. 86 | 1.33 1.02 | 1.68 1.12 1.323 0.05 2.25 15. 40 
Chattanooga, Tenn... . 1.25 | 5. 06 3.10 | 0.75 0. 70 0. 48 1.47 2.05 | 4.18 0.65 19. 69 
Decatur, Ala... Wada 1.20 3. 80 2.90 | 1.15 0.38 | 2.63 1. 66 2.23 | 0.12 0.61 16. 68 
Johnsonville, 1.01 | 2.08 2.68 1.72 0. 73 1.19 | 1.51 0. 67 Trace. 3.75 15. 34 
0.47 | 0.38 3. 21 0.81 3.13 | 1. 22 0.99 | 0. 23 0.91 12.52 
| | 
Upper Mississippi Drainage Basin. 

St. Paul, Minn. Mississippi 1.03 0.08 0. 02 0. 66 0.59 0.20 1.01 0. 03 0.35 Trace. 3.97 
Wisconsin WIS.) 0.00 0.09 1.71 0.30 0. 28 4.13 0.73 0.13 0.00 
0.36 0.00 1.74 0.41 0.93 2.74 1.78 0.29 0.05 11. 29 
1.19 0.09 0.71 0.78 1.03 0. 84 | 2.05 0.71 0.05 Trace. 7.45 
Des Moines, Des Moines............ 0. 46 0.13 | Trace. 1.69 0.26 0.26' 2.01 0.40 0.34 0. 28 5.83 
Mississippi............ 0. 44 0. 34 2.99 0.20 1.58 1.42 | 2. 62 2.04 0. 65 0.01 12. 29 
0. 68 0.11 1. 60 0.77 1.04 1.81 1.49 1.09 0.75 0.05 9.39 
Beardstown, Il]............ 0.40 0.24 2.25 0. 65 1.42 1.35) 1.85 0.65 0.00 10.71 
St. Louis, ee Mississippi............ 0. 63 0. 56 | 2.09 0. 86 0.59 1. 24 | 2. 57 3.93 0. 66 0,24 13.37 
Cape MO... 0. 46 0.27 | 1.57 2.01 1.01 3.07 1.91 0. 63 0. 20 1.00 12.13 
{ | 


Missourl Drainage Basin. 


| Feb.22 Mar.1 | Mar.8 Mar. 15 | Mar. 22 | Mar.29 | Apr.5 | Apr.12 | Apr. 19 | Apr. 26 | 
tation. River | tod. | | told. | toi. | |toApr.4. teil, | to is. | to 25. |to May 2.| Total. 
| 
Topeka, 2.41 0.10 2.92 0.81 0.46 0.78 2.94 0.04 0.56 | 1.35 | 12.37 
Kansas City, | 1.32 0.20 3.28 0.98 1.60 1.55 0.75 0.28) 0.35! 11.42 
Boonville, 0.98 0.10 3.68 0.39 1.89 2.19 3.67 1.79 O81, 0.37) 15.87 
Ottawa, 0.54 3.13) 0.48 2.99 1.98 4.33 0. 66 0.95; 1.20! 16.79 
Osceola, 0.98 0.61 0.98 1.41 3.18 5.48 1.90 1.25; 1.36) 19.49 
Warsaw 1.15 0.10 2.20, 0.85 2.40 2.45 6.81 2.53 1.33! 1.75 | 21.57 
0.63 0.32 246) 0.79) 1.24 2.65 6. 89 2. 92 0.91 0.56 19. 37 
| 
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Arkansas Drainage Basin. 
wego, Kans.... 0.88 0.30 | 4.10 1.25 1.31 2.39 5.37 3.00 2.34 0.37 21.31 
1.21 0.33 1.28 0.78 1.71 3.59 1.73 0.00 0.95 1.95 13.03 
Woodward, Okla... 1.00 0. 24 | 5.45 0.15 0.75 1.15 1.32 0.00 1.05 1.37 12. 48 
Oklahoma City, Okla 0.42 0.22 2.33 0.03 1.67 1.80 3.27 Trace. 1.76 1.22 12.72 
of aE SECS i 1.74 0.50 1.43 0.08 1.20 3.85, 1.95 0.02 1.02 1.39 13.18 
1.56 0.01 3. 64 0.08 0.03 0.39 0.09 0.19 2. 56 1.02 9.57 
1.12 0.26 2.97 0.13 0.23 1.13 2.91 0.48 1.40 0.84 11.47 
1.37 0. 62 | 0.63 0.36 1.85 1.42 1.51 0. 82 0.81 1.16 10.55 
1.45 1.45 | 2.49 0.75 2.76 2. 82 0 62 0.19 0.47 1.75 14.75 
1.30 | 2.27 | 3.34 3.11 2.47 2. 64 1.87 0.19 0. 06 2.95 19. 90 
1.28 | 0.86 | 2.82 1.25 1.29 2.68 1.23 1.55 0.02 2.19 15.17 
0.25 | 2.76 0.74 1.56 1.93 2.13 0.75 0.00 1.87 13.55 
1.45 0.47 | 2.66 1.27 2.20 2.65 1. 66 0. 36 0.02 2.82 15.56 
lessee 1.69 | 1.65 3.77 2.83 1.73 3.02 1.79 | 0.10} Trace. 1.58 18. 16 
| 
Red Drainage Basin. 
2.60 | 0.00 | 0.40 0.00 | 1.30 | 3.60 | 0.50 | 1.29 | 2.80 | 0.30 | 13. 20 
| 3.23) 4.38, 266/ 0.83) 0.32, 380) 20.43 
Alexandria, La... 1.66 | 3.31 | 4.06 3.35 3.08 | 1.72 | 1.70 | 1. 64 | 0.15 | 3.33 | 24.00 
Camden, Ark. ... 2.68 | 1.11 | 2.48 1.09 | 2.09 | 3.42 2. 26 | 0.36 0.40 4.87 | 20.76 
do 3.36) 2.46| 2.76 0.00 | 2.62, 4.40; 0.96) 0.40, 129, 4.86) 3.11 
La... 1.85 0.20 0.25 0.05 3.95 | 4.60 0.00 | 0.80 0.00 4.05 15. 75 
Lower Mississippi Drainage Basin. 
New Madrid, | Mississippi...........1 0.90, 0.90; 1601 2.92 | 4.70) 180) 073! 019! 1.60 16. 88 
Tenn 1.25 1.36 3. 52 2.30 0. 60 0.51 | 2. 43 0.06 | Trace. | 0.75 2.78 
Marked Tree, Ark..........--.s-----e0+ | St. Francis............ 0. 82 1.74 | 3.95 2.48 | 1.07 5.35 | 1. 64 0.40} Trace. 1.91 19. 36 
| Mississippi........... 1.36 2.12 | 3. 62 0.96 | 0.74 2. 10 | 2.02 0.50} Trace. | 2.58 16.00 
Ackanaes City, Arik. 1.90 3.33 | 3. 02 0.10 | 0.91 2.78 | 2.15 0. 22 0.49 | 2.47 | 17.37 
d 2. 66 4.61 2.30 0.40 | 1.03 4. 65 | 1.65 | 0.33 0.76 | 2.96 21.35 
(ity, 4.74 3.53 | 2.90 0.31 | 0.97 2.93 | 2.16 | 1.14 0.47 | 1.93 21.08 
Vicksburg, Miss... 6.14 3.45 | 2.24 0.40 | 1.62 2.19 | 1.08 | 1.20 0.60 2.14 21.06 
Natchez, Miss...... 1.98 | 3. 34 | 2.18 0. 60 | 2.31 2. 26 | 2.09 | 2.38 0.27 0. 43 17. 84 
Baton Rouge, La... 2.30 | 1.90 | 2.40 | 0.30 3.90 1.43 | 1.33 0.08 0.15 0.32 14.11 
Donaldsonville, La. Sa 2. 28 | 1.05 | 1.40 | 0.52 | 2.10 2.50 | 1.61 Trace. 0.25 | 2. 56 14. 27 
1.10 2.07 | 0.78 | 095, 2.47 2.18 | 0.67 0.00 0.57 2. 62 13.41 
| | 


An inspection of this table will show that heavy rains 
were rather general in most basins in the second and 
third week of March. The response of both the Ohio 
and Tennessee was almost immediate. See the hydro- 
graph for Cincinnati, Figure 1. Heavy rains continued 
in the Ohio Basin during the first half of April causing 
two distinct crests in the Ohio in that month. 

In general the discharge of the Mississippi at and 
below St. Louis, Mo., rose steadily during March and the 
great volume of water passed down stream as a long 
drawn-out wave as shown by the hydrographs in 
Figure 1. 

Run-off.—Discharge measurements for the 1922 flood 
are not yet available to the Weather Bureau. The 
author has worked out, however, tentative discharge 
figures based upon the average ratio of discharge to 
precipitation as given by Morrill in Weather Bureau 
Bulletin E, Table XIV, page 27. The values in that table 
were those assumed by Humphreys and Abbott and by 
Greenleaf and are as follows: 


TABLE 3.—Ratio of discharge to precipitation. 


Basin. Ratio. | Basin. Ratio 
Upper Mississippi. ............. 0.28 | Lower Mississippi.............. 0. 52 
0.15 | 
| 


Using the values given in the above table the rainfall 
and run-off for seven great floods has been computed. 
Only the figures for the 1922 flood are given in this 
abstract; they follow as Table 4 below. 


TABLE 4.—Precipitation in inches over drainage basins and discharge in 
millions of cubic yards for 1922 flood. ; 


1922 
Drainage basin. February. | March. April. Total 
Precipi-| Dis- |Precipi-| Dis- /Precipi-| Dis- Dis- 
tation. | charge. | tation. | charge. | tation. | charge. tation. | charge. 
0.79 | 15,264 | 1.75 | 38,482} 1.25 27,399! 3.701 
Upper Mississippi..| 0.27 | 5,711 0.51 10, 708 0.72 | 14,991 | 1.50] 31,410 
Lower Mississippi..| 0.40 | 15,085 0.69 | 26,197 | 0.50 11,278 1,49 | 32,648 
0.34] 5,156) 1.25 | 13,809 | 1.34 | 20,524 | 2.93; 39,589 
Arkansas.......... 0.34] 4,837; 1.02) 14,513 | 0.92) 13,052 | 2.281 32,412 
0.42 | 6,474 | 0.76 | 10,755 | 0.69 10,703 27,982 
Tetal........ 2.47 | 52,525 | 5,98 114,464 | 5.22 | 98,157 | 13.67 | 256,146 
| i 


The discharges are given in millions of cubic yards 
and were obtained from the ratios given in Table 4. 
The author concedes that his discharge values are based 
upon estimates of high authority rather than actual 
measurements, but nevertheless they serve as a basis 
of comparison with previous floods. The drainage 
areas used in the computations and the ratio of the 
different basins to the whole are shown in Table 5 below. 


TABLE 5.—Drainage areas used in computations and ratios to entire basin. 


| Area in 
Ratio to 
Basin. | whole. 
203, 900 24 
148, 150 17 
60, 300 | 7 
205, 750 | 24 
145,000 | 17 
90, 000 | 1 
£53, 100 | 100 
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Fig. 1.—Hydrographs for selected stations, lower Mississippi River flood of 1922. 
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COMPUTATION OF RAINFALL FOR EACH BASIN. 


Charts are given showing the distribution of precipi- 
tation for the months January to April, both inclusive, 
but in computing the total precipitation for the flood 
the months of February, March, and April only were 
used. The procedure followed in obtaining the totals 
for the several basins is given in the author’s own words, 
as follows: 

The rainfall for each drainage basin was computed according to a 
method suggested by Marvin and is as follows: Monthly data for a large 
number of stations were charted and isohyetal lines carefully drawn. 
These lines were then traced upon sheets of cross-section paper together 
with the outlines of the six drainage areas. 

The isohyets divide the drainage basins into various irregular small 
subareas, over which the precipitation may be assumed to be uni- 
form and of an amount represented by the mean between the two 
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adjacent isohyetals. Therefore the number of squares in each sub- 
area was counted. This number was then multiplied by the average 
precipitation for the subarea in question and the product divided by 
the sum of the counts for all the subareas, waich latter, of course, is 
the number of squares in the whole drainage basin being studied, 
Finally, the sum of the quotients found in the above manner gives the 
depth of precipitation, which, spread uniformly over the whole basin, 
would represent the same amount of water as fell in the irregularly 
distributed precipitation. This procedure, while laborious, was well 
worth the time consumed, and it is thought to have accomplished a 
more accurate presentation of data than was possible otherwise. 

The number of squares in the subarea was limited always by the 
boundary lines of the watershed, except in the extreme upper Arkansas, 
Missouri, and Mississippi valleys. In these territories the winter and 
spring precipitation is invariably small, mostly in the form of light 
snow, contributing practically nothing to flood conditions. The 
drainage basins were therefore cut off for these regions by an arbitrary 
straight line running through Omaha, as shown by the heavy dash 
line on the left side of Figure 2, which is reproduced. 
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Fic, 2.—lllustration of method of determination of amounts of precipitation. 
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THE AMAZON RIVER FLOOD. 


By Dr. HAGMANN. 


[Extract translated from Revista Mensal rca Rio de Janeiro, Brazil, 
ay, 1922.] 


The flood of this year [1921] in the Amazon River was 

extraordinarily great. The water reached a height be- 
yond that of previous years. 
* The Amazon River, as a rule, rises until the end of the 
first fortnight of the month of June. ‘Saint Antonio is at 
the head of the water,” says the Indian. * * * The 
flood of the year, 1921, was 20 cm. greater than that of 
1918, which old inhabitants thought to have equaled that 
of 1859. 

Laborious, but very interesting, was the work of com- 
puting the superficial total of the overflowed areas in the 
valley of the Amazon in order to have some idea at least 
of the enormous quantity of water that would be neces- 
sary to produce a flood of such proportions. 

I am personally convinced that the enormous floods 
that have recurred in these last years are not so entirely 
the result of the extraordinary precipitation in the high 
regions of the Amazon River, as a study of the reports 
received from the commandants of certain affluents of 
the Amazon do not show a greater quantity of water. I 
am of the opinion that the reason of the great floods may 
lie in part in the constrictions in the mouth of the Amazon. 
On the front sides of the islands of Bailique, Cavianna, 
Mexiana, and Marajo is the celebrated bank of sand, 
“Santa Rosa,’ many kilometers in width and length, 
where the water is barely 6 meters in depth. These 
channels are narrow, tortuous, and liable to constant 
me ting, and do not permit the entrance of trans-Atlantic 
ships. 

lived for two and one-half years on the island of 
Mexiana, and for this reason I know the mouth of the 
Amazon very well. The mouth extends from Mexiana to 
Belem, three days’ sail by boat, to say nothing of the 
danger from the wretched climate. 
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Islands form and disappear as the ‘waves scour and 
carry the sand loosened from the banks. Points of islands 
with great trees from the virgin forests fall with the con- 
stant erosion of the water, always agitating and dislodging 
from the outer banks masses of sand that constantly 
increase, the first foothold for the growth of grass and 
rushes, and later for the bushes and trees whose seeds 
were floating around. The dark gray color of the water 
shows conclusively the quantity of sediment that it 
carries. 

On this account the opinion can not be rejected that in 
general the mouths of the Amazon have become con- 
stricted, leaving not more than sufficient opening for the 
waters in winter time, thus causing in part the enormous 
floods of the lower Amazon. 

A plotting of the pluviometric data for the stations 
along the Amazon would contribute much to the solution 
of this problem, so interesting in connection with the 
hydrographic knowledge o* the ‘‘river sea.”’ 

Discussion by the director.—The director expects to visit 
various places in the States of Para and Amazon, the flood 
and rainfall stations, as soon as he has finished a hasty 
study of the proposition of Doctor Hagmann. The instal- 
lation of these posts will be completed by Inspector Ave- 
llar Figueiredo, as soon as he has completed his mission 
in some of the Northern States. 

An interesting feature of Doctor Hagmann’s presenta- 
tion is his belief in the possibility that the sedimentation 
- mouth of the Amazon River causes some of its 

oods. 

It would be advisable to verify this assumption which, 
a priori, appears to be hardly acceptable, because the tide 
and the strong-running equatorial on the coast would be 
sufficiently strong to impede the excessive formation of 
banks, or bars, at the mouth to such an extent as to retard 
the passage of flood waters. 

A hydrometrical chart would probably better reveal 
the solution of this interesting problem.—H. C. F. 


FROST=FIGHTING IN THE PECOS VALLEY. 


CLeve HALLENBECK, Meteorologist. 


[Weather Bureau Office, Roswell, N. Mex., December 7, 1922.] 


Fruit-growing in the Pecos Valley of New Mexico is 
an attractive proposition or an extra-hazardous one, de- 

ending upon the point of view. The quality of the 
ruit is unexcelled, the abundant sunshine imparts a 
coloring not attained by the’same varieties in other dis- 
tricts, and the leading varieties ripen at a time when the 
large markets are empty of apples. The Jonathan 
apples of the Pecos Valley are well known in England. 
A noted author declared that the discriminating taste of 
man now demands “caviar from Russia, olives from 
Italy, apples from New Mexico,”’ etc. 

On the other hand, there probably is no other fruit- 
growing district in the United States that is as liable to 
spring freezes as is the Pecos Valley. On an average, 
two freezes occur each spring after the apples are sus- 
ceptible to injury therefrom, and in only 3 years in the 
last 18 have unprotected orchards borne full crops. On 
a 10-year average, the unprotected orchard is only 45 
per cent efficient, and this 45 per cent practically equals 
the current upkeep, taxes, and interest on the invest- 
ment, leaving no profit to the owner. 

During the past seven years there has been a decided 
resumption of orchard heating in this district. This is 
in small part due to the fact that for eight years no spring 
freeze has arrived unheralded, and that such can occur 
in the future is well-nigh impossible. But the principal 


cause of this revival is due to the fact that in the past 
10 years unprotected orchards have borne but one full 
crop, with six total failures, while protected orchards 
have borne eight full crops in that time. It is now the 
unanimous opinion of the leading fruit growers that 
apples can be saved every year, for all the veteran 
orchardists brought their crops safely through the record- 
breaking freeze of April 19, 1922; and in 1920 two of 
them, who did not know when they were whipped, saved 
full crops against minimum temperatures of 15° and 16°. 

The object lesson was clear. Consequently, in 1922 
hardly an orchard of commercial size could be found that 
was not vers for frost fighting. Every serviceable 
heater in the valley was impressed into service, several 
carloads of additional heaters were shipped in, and a 
few procrastinating orchardists, unable to secure heaters 
in time, distributed baled weeds and straw through their 
orchards, to be burned as occasion required. 

Frost fighting.—Six or seven acres of orchard is about 

1 that one man can properly look after. In small 
orchards of 30 acres or less the owner and his family, 
with a hired man or two, are usually sufficient to handle 
the situation, but in the larger orchard a “‘frost-fightin 
squad”’ is required, and necessarily it must be recruite 
principally from the town population. The members of 
any one squad, therefore, are likely to be well scattered 
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over town, and some arrangement must be made for 
assembling these men quickly and certainly and for 
getting them out to the orchard. The following case, 
which is fairly illustrative, with slight modification, of all, 
will show the organization and handling of the frost 
fighters. 

The owner of an 80-acre peach orchard employed 15 
men (including himself); these were divided into three 
groups of 5 each, one man in each group acting as fore- 
man and furnishing an automobile for transporting him- 
self and his four assistants to the orchard. The orchard 
was divided into 12 plots, one to the man, and each man 
knew exactly where his plot was, as these were marked 
by numbered boards. In each plot was a thermometer, 
and the three feremen (one of whom was the owner) did 
nothing in the orchard except watch these thermometers 
and superintend the heating when such became neces- 
sary. By an ingenious arrangement of the heaters. 
one-fifth, two-fifths, or four-fifths of them could be 
lighted, and in each case the lighted heaters would be 
uniformly distributed. The remaining one-fifth were to 
serve as areserve. In addition, two truck loads of filled 
heaters were kept ready as a “mobile reserve.” 

The orchardist, who received the warnings direct from 
the Weather Bureau office, communicated them to each 
man of his squad, but he also arranged, in the event that 
emergency night warnings should issue, to call only his 
two foremen and his own group, leaving the foremen to 
rouse their own men; in this way some valuable time 
could be saved. 

This method, with some slight variation, was adopted 
by all the leading orchardists. 

Inasmuch as the fruit crop represents the chief source 
of wealth in this district, recruits for orchard squads 
were plentiful, and most of them served without com- 
pensation. In addition, the local chamber of commerce 
maintained a list of men willing to serve on short noti¢e, 
to fill unexpected vacancies in the frost-fighting squads. 
The morning after a freeze found smoke-begrimed busi- 
ness and professional men, clerks, and laborers straggling 
into town by automobile loads. | 

Dissemination of warnings.—It is impossible for this 
office to telephone warnings to each fruit grower, of 
which there are 113 within the free telephone limits of 
Roswell and —" as many more in the lower valley 
districts of Dexter, Hagerman, and Artesia. Prior to 
1922, warnings were given only to the seven fruit-frost 
observers, the four districts—Berrendos, Fairview, South 
Springs, and Hondo—being within the free telephone 
limits. But this put a hardship upon some of the 
observers, who were serving without pay: particularly 
the observer at South Springs, who had nearly 50 
orchardists in his district, and to notify all of them, as he 
faithfully did, consumed much time. 

In 1922 a different plan was adopted. With but two 
exceptions, all the orchardists within the free telephone 
limits are on “party” telephone lines. Warnings were 
given to one individual on each line, with the under- 
standing that he was to communicate it to the remaining 
subscribers on his line. Volunteers for this service were 
called for, and immediately most of the orchardists 
volunteered; each wanted to receive warnings first hand. 
One was selected for each line, with an alternate in case 
the first one could not be reached. The names of these 
“Jine representatives’? were published, so that each 
orchardist would know on whom to depend for warnings. 
In this way all the fruit growers woul Roswell could o 
reached with,21 telephone calls. 
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Similar arrangements were made by the fruit-frost 
observers in the Dexter-Hagerman and Artesia districts, 
to whom all warnings were communicated directly from 
this office. 

In addition, it was understood that should emergency 
night warnings be issued, they would be communicated 
by this office only to the fruit-frost observers, they in 
turn to give them to each “line representative” in their 
respective districts, by whom they would be given to 
the individual orchardists. In this way, a warning 
could be spread throughout the valley in half an hour. 

Desirous of testing the efficiency of the latter arrange- 
ment, a night was selected when minimum temperatures 
close to freezing were expected. No forenoon or evening 
warnings were issued. At 2:30 a. m. the four observers 
within the free telephone limits were called and told to 
ae their districts for prompt action. Before the 

ourth one had been roused automobiles were heard leav- 

ing Roswell, and within 15 minutes more automobiles 
were heard in every direction. After 30 more minutes 
silence again reigned. The celerity with which the alarm 
spread was remarkable. The temperature on this occa- 
sion hovered around 31° and 32° for two hours, and 
since the orchardists stood guard from 3 a. m. until sun- 
rise, in the cold, it was not thought advisable to inform 
them that they had been made the victims of an experi- 
ment. Besides, their honest expressions of gratitude for 
this “‘watchfulness” of the Weather Bureau office were 
pleasant to hear. 

Frost forecasting.—\n the Pecos Valley, and presuma- 
bly in all other irrigated regions of the West, tempera- 
ture forecasting is beset with difficulties not encountered 
in eastern districts. It appears that the blossoming time 
of fruit trees depends upon the mean temperature rather 
than upon the mean maximum or minimum, in so far as 
this activity is governed by temperature. The average 
time of blossoming of tions is the same in the Pecos 
Valley as in the more humid eastern districts having the 
same mean temperature. But on account of the large 
daily range of temperature here (normally 42° in clear 
weather in the country) apples begin blossoming when 
the normal daily minimum temperature is but 2° above 
freezing, and are in full blossom when the normal minimum 
is only 6° or 7° above freezing. Consequently any con- 
dition that can depress the temperature a few degrees 
below the normal is likely to cause damage to the fruit. 

Such depression can easily be produced by a clear 
night following a cloudy day. Unless checked by con- 
densation or by an inflow of warm air the normal radia- 
tional fall of temperature will occur at night regardless of 
how low the temperature may be in the evening. Many 
of the cold waves occurring at Roswell, including nearly 
all that have occurred without warning, were due to a 
cloudy day followed by a clear night. The average dew 
point is some 16° below the average minimum tempera- 
ture, and sometimes is 40° or more below the minimum. 
Consequently there rarely is any condensation of dew or 
frost to counteract radiational cooling. Unless the hu- 
midity is quite high, evening cooling in the spring is the 
signal for frost warnings. Actual frost, of course, rarely 
occurs, even in midwinter. 

Hygrometric formule, so far as this district is con- 
cerned, are absolutely worthless in calculating minimum 
temperatures. This is due to the great variability of the 
dew point, which may change as much as 20° or 25° 
over night. A 12-hour fall in dew point of 65° occurred 
on one date in the spring of 1918. A shift of the wind 
nearly always is followed by a considerable change in the 
dew point; a shift from southeast to southwest can lower 
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it 20° in three hours. This variability is greater in spring 
than in any other season. In addition, in still weather 
there is an area of relatively high humidity over the 
farming region, due to evaporation from liberally irri- 
gated Saal. In the aoe irrigation is general and is 
almost at its peak, while the surrounding prairies are, 
normally, at their dryest. It is the same as though 
about three counties from the Ohio Valley region were 
transplanted to the arid West; the Pecos Valley is, in 
fact, a long oasis in a desert. A moderate wind serves 
to sweep this evaporated moisture away, and the dew 
oint at any hour is a very unreliable indication of what 
it may be a few hours later. 

On account of the moister soil, which normally is 
covered with growing vegetation, and the higher 
humidity, over the farming region, radiational cooling 
is less than over the bare, dry prairie. The difference, 
in spring, may amount to as much as 8°, and any inflow 
of air into the valley from the surrounding prairie at 
that time will be attended by a rather sharp fall in 
temperature. Such inflow often seems to be in the form 
of quite limited streams, which may cause large differ- 
ences in the minimum temperatures recorded at different 
points. An example of this occurred in connection with 
the freeze of April 19, 1922, when the minimum tem- 
perature was exactly forecast for three substations and 
within 1° for two more, but with errors of 4° and 7° 
for the remaining two stations. At one of these stations 
the observer reported that the fall was caused by ‘“‘a 
shift of the wind to southwest,’ and at the other the 
fall ‘“‘attended a shift of the wind from southeast to 
west.” The wind was very light throughout. These 
conditions can not be forecast, and all the orchardist 
can do is to have a reserve of heaters ready to meet the 
emergency when it arrives. The fall of temperature is 
rarely so abrupt or so large that a watchful frost fighter 
can not successfully combat it with reserves. Then 
there is air drainage down the Pecos Valley, and secondar 
drainage eastward down the tributary valleys, which 
may cause sharp falls in temperature of as much as 12°. 
Since this normally occurs on clear, still nights in spring, 
it usually can be foreseen and allowed for in shew rs 
the minimum temperature. It is very treacherous, 
however. It moves slowly, and the change in wind 
direction may occur without being noticed. The dro 
in temperature often is very abrupt. In addition, this 
down-valley flow of cold air sometimes arrives well after 
sunrise. Fruit has been damaged in this district by 
sudden drops in temperature occurring 1 and 1.5 hours 
after sunrise with a clear sky. 

Then there is the topographic factor to be considered. 

A wind from any direction whatever, is moving either 
up or down slope, and the resulting effect upon the tem- 
perature may be quite noticeable. It also is necessary 
to distinguish between a general flow of air and a purely 
local wind. For example, a westerly wind that is a 
part of a cyclonic circulation will materially retard night 
cooling and may even cause a substantial rise, while a 
westerly wind that is merely cooled air draining to 
lower levels will be attended ty a large fall in tempera- 
ture. 
_ On account of the pronounced morning temperature 
inversion characteristic of this and other districts of the 
semiarid West, and which is normally most pronounced 
in spring, a very moderate stirring of the air in the 
early morning following a clear, still night will raise the 
temperature materially. Many a carefully prepared 
minimum temperature forecast has thus been nullified 
by an early morning wind. 
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From what has been said, it is obvious that the calcu- 
lating of minimum temperatures from a mage 
formule or from the evening radiational cooling is a 
very uncertain proposition. It also is clear that the 

robable direction and velocity of the wind is of as much 
importance to the forecaster as to the orchardist. 

t has been found that the most reliable temperature 
forecasts are those made from the weather map, local 
influences being given due weight. But even here, the 
sparsity of reporting stations, and the entire absence 
of reports from the south (Mexico) inject a very large 
element of uncertainty into the forecasts. ‘There are 
but three other Weather Bureau stations within a 300- 
mile radius of Roswell, as compared to 20 to 40 stations 
in similar areas in the eastern half of the United States, 
although within a 300-mile radius of Roswell can be 
found nearly every kind of climate found in North 
America. One needs a great deal of intuition to make 
satisfactory forecasts under such a handicap. A former 
district forecaster informed the writer that ‘Good 
forecasts are based upon general conditions, local in- 
fluences and intuition, and of these intuition is the 
greatest.” 

Fortunately, the probable minimum temperature is 
of secondary importance to the orchardists, and is of 
very little interest to those who are equipped to meet 
any temperature that might occur. Next to the informa- 
tion that a freeze is impending, they consider the direc- 
tion and velocity of the wind of paramount importance. 
Following a forenoon warning of freezing for the following 
night, the orchardist and his helpers begin shifting 
heaters to reinforce the windward side, if such shift be 
necessary. Next in importance is the hour at which 
critical temperatures are expected. We formerly allowed 
a margin of safety of 1 to 3 hours until we learned that 
the orchardists themselves were allowing a_ similar 
margin, after which we gave them the actual hour, as 
nearly as could be calculated. If freezing was expected 
for, say, 4 a. m., that hour was named in the forecast, 
but the orchardists were ready for action at 2 a. m., or 
even earlier, and sometimes this precaution was justified. 

The freeze of April 19, 1922.—A large percentage of 
the fruit growers in this district had their first experience 
in orchard heating in the spring of 1922, and with few 
exceptions the experience was disastrous. Their heaters 
were too few and far between for the freeze of April 19, 
which, considering the state of the fruit, was the most 
severe freeze of record here. They were equipped for the 
freeze that normally occurs, but not for the one that 
could occur. Even some of the more experienced ones 
lost heavily, but the few old veterans in orchard heating 
brought their crops through safely. 

Nevertheless, none of them are discouraged, and this 
commendable attitude is due to the experience of one 
orchardist, himself a novice, whose performance deserves 
mention in view of the fact that it was of incalculable 
value to the fruit industry in the Pecos Valley. This 
man was Dr. A. D. Crile, former president of the New 
Mexico Agricultural College, whose frost-fighting squad 
has been described herein. Before equipping his orchard 
with heaters, he spent most of one afternoon in the 
Weather Bureau office, going thoroughly into the records 
of spring freezes. Tacidentally, taking the record mini- 
mum temperatures (rural) of 15 on April 4 and 26 on 
May 7, he calculated the possible minima for each inter- 
vening date. For April 20 he calculated a possible 
minimum of 21° (and a record-breaking minimum of 21° 
occurred in his district on April 19). Accordingly he 
equipped his orchard with sufficient heaters to raise the 
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temperature 10°, securing, at our suggestion, the smallest 
type of heater obtainable. Eighty of these were placed 
to the acre. During the frost season he called in person 
at the Weather Bureau office every time frost warnings 
were issued. Consequently, while his orchard was com- 
pletely isolated and surrounded by bare prairie, with the 
additional handicap of being in the coldest spot in the 
entire valley on that night, he successfully wee 0 the 
freeze of April 19 with 80 per cent of his heaters in action. 
Three days later we personally inspected his orchard at 
his request, and found no damaged peaches. 

It always had been taken for granted that peaches 
could not be protected in this district, but when this 
man not only saved the crop but did it under two heavy 
handicaps, he proved beyond argument that every 
peach and apple in the valley could have been saved. 
Consequently, those who lost are preparing to double 
the number of heaters in their orchards, or, where 
unable to do this immediately, to concentrate their 
heaters upon a much smaller acreage. Instead of 
receiving a blow, orchard heating here has received an 
impetus. Even in the Grande Valley, with which this 
station is not concerned, orchardists, hearing of Doctor 
Crile’s remarkable performance, are preparing to protect 
their extensive pear orchards next spring. 

Orchard heaters and thermometers.—Small heaters were 
shown to be decidedly more effective, cost for cost, than 
large ones. ‘‘Small heaters and plenty of them”’ is the 
advice given by the veterans to the beginners. An 
ideal orchard heating system would be one that warmed 
a continuous layer of air next to the ground. “Small 
heaters and pelnty of them” comes nearest to the ideal 
condition. One orchardist, who has saved a full crop 
of apples each spring for the last 12 years, declared that, 
while he is using the smallest, lowest heater obtainable, 
he would discard his entire equipment if he could secure 
a heater that is still smaller or lower. 

At the suggestion of the writer, seconded by the county 
agricultural agent, a number of fruit growers last spring 
tried the experiment of placing the heaters directly 
under the trees. The results were so gratifying that in the 
future nearly all the orchards equipped with small, low 
heaters will be protected in this way. Portions of lower 
branches that were completely blackened with smoke 
suffered no damage and bore unblemished fruit 

The local farm bureau organization is preparing to 
publish working drawings of one of our model instrument 
shelters and distribute them to all fruit growers in the 
district. 


A CLIMATOLOGICAL CALENDAR FOR COLUMBIA, MO.' 
By Georce Reever, Meteorologist. 


The writer has compiled the mean minimum tempera- 
ture for Columbia, Mo., for each day of the year for use in 
class work and as forming the basis of short informal 
talks before commercial clubs and organizations. He 


1 Condensed from the original manuscript. 
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has found so many interesting and instructive applica- 

tions of these data that it seems desirable to outline the 

om followed in the belief that his fellow workers will be 
enefited thereby. 

The minimum temperature was chosen since it is largely 
the controlling factor in the vegetable world. After com- 
puting the means for the 32 years of record, they were 
assembled in groups. In forming the groups all tem- 
peratures within a range of 5° were put in the same group, 
thus all values between 15° and 20° were put in one group, 
all those between 21° and 25° in the next and so on up to 
the highest group which has a mean of 65.7°. As illus- 
trating the time fimits and the mean values of the differ- 
ent groups the table below is given: 


TABLE 1.— Mean minimum temperature, Columbia, Mo., by groups of 
significant dates. 


j 

Mean | 
temovera-/ 
| ture. 


Inclusive dates. Significant dates. 


Fob. 11-22............ 


22.4 The beginning of the annual upward march. 


Feb. 23-Mar. 7........ 26.1 

S| ere 31.3. Mean minimum, Mar. 13, 33°; time to sow oats. 

35.0. 

Mar. 23-Apr. 4........ 37.9 Mean minimum, Mar. 25, 38°; time to plant Irish po- 
| __tatoes. 

41.4 | Mean minimum, Apr. 15, 42°; corn planting begins: 
| Apr. 21, peaches and apples in blossom. 

18-May 2........ 47.5 

51.3 

May 19-June 2........ 57.2 

led in, ee 63.2 | June 3, mean minimum, 60°; summer begins. 

June 24-Aug. 20....... 65.7 | July 9-11, three consecutive cooler nights; July 13-17, 

5 consecutive warm nights. 
Aug. 21-Sept. 11...... 61.0 a * ee with period June 3-23, but in reverse 
order. 

Sept. 12-25............ 56.4 

Sept. 26-Oct. 5........ 51.7 | Time to sow winter wheat. 

46.8 

42.5 

Oct. 27-Nov. 10....... 38.1 js 

31.8 | 

Nov. 28-Dee. 11....... 26.4 | 

Dec. 12-Jan. 29....... 21.6 | Jan. 12-13, two coldest days of winter; mean mini- 
| mum, 14° and 16°, respectively. 

Jan. 30-Feb. 10....... {7.8 | The coldest 12-day period. 


After assembling the daily means in groups and com- 
uting the group means it was found that the period from 
anuary 30 to February 10, inclusive, gave the lowest 
group mean, viz. 17.8°. That period therefore served as 
the starting point for the upward march of the group 
means. The date February 11 has therefore received the 
initial number in the consecutive series of 366 days. 
Many interesting facts can be drawn from the series of 
means, as, for example, the dates of planting staple garden 
vegetables, the sowing of grains, etc. Other interesting 
features from a climatological standpoint are the lowest 
daily means for five consecutive days—the time of the 

eatest consecutive severe cold of the winter falls on 

ebruary 1 to 5, although the absolute minimum for the 
year falls on January 12. A week later, January 19-23, 
is the date of the so-called “January thaw,” during which 
time the mean minimum rises to 28° on January 20, im- 
mediately dropping to 23° on the 21st. Is there any re- 
lation between these two events? Many other interest- 
ing comparisons may be made. 


January, 1923. 
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NOTES, ABSTRACTS, AND REVIEWS. 


Henry F. Alciatore, 1866-1923. 


Henry F. Alciatore, a member of the well-known New 
Orleans family of that name, died in that city on Feb- 
ruary 2, 1923. 

Mr. Alciatore was for many years a valued official of 
the Weather Bureau. He had been in poor health for 
several years and was forced to give up active work 
about three years ago. During the 34 years of his con- 
nection with the Government service, he filled many 
important assignments, some of which were at New 
Orleans, La., Galveston, Tex.; San Francisco, Calif.; 
Portland, Oreg.; Reno, Nev.; and San Diego, Calif. 

Mr. Alciatore will be remembered .as a gentleman of 
most pleasing personality, thoroughly loyal to the service 
in which he spent the greater part of his life and to 
which he contributed of his knowledge and experience. 

He is survived by his widow, four brothers, a sister, 
and numerous cousins, nephews, and nieces.— A. J. H. 


THE COURSE OF THE GULF STREAM IN 1919-21, AS SHOWN 
BY DRIFT BOTTLES. 


By Prof. James W. Mavor. 
{Abstracted from Science, January 5, 1923.] 


Drift bottle experiments have been conducted by the 
biological board of Canada for some time past. The 
results have appeared in various numbers of Science for 
1920, 1921, and 1922; also in Proceedings American 
Fisheries Society, 1920, page 334. 

In the issue of Science above mentioned an account is 

iven of the finding of four bottles which crossed the 
tlantic after being set adrift in the Bay of Fundy in 
August, 1919. The record of finding follows: 

No. 198. Azores, island of Flores, August 8, 1920. 

No. 230. Orkney Islands, island of Papa Westray, January 21, 1921. 

No. 98. Great Britain, Dyffryn, North Wales, March 25, 1921. 

No. 129. Norway, 2 miles from land at the Bohle-Walstation, Soro, 
Westfinmark, July 16, 1921. 

The distances these bottles must have traveled 
measured along the shortest courses which they could 
have taken are approximately 2,000, 2,800, 2,900, and 
3,800 geographical miles. The corresponding time which 
the bottles were “out” are 12, 17, 19, and 23 months, 
respectively. This close correspondence between the 
distance traveled and the time the bottles were “out” 
indicates that they were — up relatively soon after 
reaching the coast. If this assumption is correct, the 
average rates at which the bottles traveled across the 
Atlantic were 5.8, 5.4, 5.1, and 5.5 geographical miles 
per day.—A. J. H. 


A PERIOD OF WARM WINTERS IN EUROPE. 


By C. E. P. Brooks. 
{Excerpts from Meteorological Magazine, September, 1922, 57: 203-205, map.] 


Among the most interesting problems of meteorology 
are the local changes of climate extending over years or 
even decades. Their causes are usually obscure, and 
often the most that can be said is that they are secondary 


effects of long-period fluctuations in the circulation of the 
earth’s atmosphere. An example which has recently 
come to light is the abnormal winter warmth of central 
Europe during the decade 1911 to 1920. 

The differences between the mean temperatures for 
January, February, and December for the years 1911 to 
1920, and the long-period averages for the several stations 
(usually covering the years 1851-1910) show that the 
maximum effect, exceeding 3° F., extends in a long belt 
from Denmark to the Balkan Peninsula * * *. From 
the central isanomaly of 3° F. the excess falls off rapidly 
in all directions except the west * * *. On the Atlan- 
tic seaboard the winters of the decade in question have 
been slightly colder than the normal * we" 

We have here an appreciable change of climate which 
appears to be analogous to the Briickner cycle, but not 
identical with it because the Briickner cycle should give 
low instead of high temperatures during the past decade. 
A tentative explanation connects it with the general de- 
crease of sunspot numbers since the nineteenth century. 
Sunspot numbers are an index of the intensity of the solar 
radiation which governs the strength of the earth’s at- 
mospheric circulation. Nowa by-product of this circula- 
tion is the gradient between the subtropical Atlantic 
anticyclone and the Icelandic minimum. (The mean 
gradient between Iceland and Lisbon has been decreased 
from 21.2 mb. to 19.5 mb. during the period 1911-1918.) 
At first sight this should mean decreased southwesterly 
winds from the Atlantic and consequently lower winter 
temperatures over central Europe but it happens that the 
winter weather in this region is mainly anticyclonic and 
is only slightly affected by the Atlantic pressure gradient. 
its severity is, however, very much lessened when fre- 
quent depressions break through, and this happens most 
readily when the atmospheric circulation is weakest and 
the oceans are, accordingly, relatively cold. 

When the air circulation is strong, that of the ocean is 
strong also, and in temperate latitudes the waters are 
highly warmed so that depressions follow the coasts and 
the continental anticyclones escape their influence. 

This hypothesis is only tentative, but it agrees with 
Brickner’s conclusions based on his studies of the 35- 
year cycle,' and also with those based on the study of the 
secular variation of the annual means of pressure and 
temperature since 1870.? 


RELATIVE SUNSPOT NUMBERS, 1920-1922. 


Below are given the relative numbers of sun spots as 
observed and published by A. Wolfer, Zurich, Switzer- 
land. The numbers are a continuation of those printed 
in this Review, August, 1920, page 460.—A. J. H. 


TABLE l. 
Year. Feb.|Mar. |Apr. |May.|June.\July. Oct.|Nov |Dec. 
57.3} 50.9! 71.9} 14.3] 33.7] 38.8] 26.5] 18.6] 38.7] 48.8) 24.6) 39.9) 38.7 
28. 8] 27.6] 27.5} 30.5] 22.3) 34.5) 42.4] 20.8] 16.7) 16.1] 13.4] 15.7| 24.7 
10. 2| 27.9) 60. 11.4] 5.8) 97] 5.3} 5.2) 81) 187) 14.7 
1 Klimaschwankungen seit 1700. Wein, 1890. 
a Brooks, C. E. P.: The Secular Variation of Climate, Geog. Rev., New York, 11, 1921, 
p. 120. 
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SOLAR OBSERVATIONS. 


SOLAR AND SKY RADIATION MEASUREMENTS DURING 
JANUARY, 1923. 


Hersert H. Kiwsaut, In Charge, Solar Radiation Investigations. 


For a description of instruments and exposures, and 
an account of the method of obtaining and reducing the 
measurements, the reader is referred to this Review for 
April, 1920, 48:225, and a note in the Review for No- 
vember, 1922, 50:595. 

From Table 1 it is seen that direct solar radiation in- 
tensities averaged below the normal values for January 
at Washington and Madison, and close to normal at 
Lincoln. There were few days on which measurements 
could be made at the two latter stations, however. 

Table 2 shows that the total solar and sky radiation 
received on a horizontal surface averaged below the 
January normal at all three stations, although at Lin- 
coln there was more than the average radiation after the 
first week. 

Skylight polarization measurements were obtained at 
Washington on the 11th only, and gave a percentage of 
polarization of 66 per cent. At Madison the ground 
was covered with snow throughout the month, and no 
measurements were obtained. 


TasBLe 1.—Solar radiation intensities during January, 1923. 
[Gram-calories per minute per square centimeter of normal surface.] 
Washington, D.C. 


Sun’s zenith distance. 


| 
| 
| 


8a.m.| 77.8° | 70.7 60.0° 0.0°  60.0° 70.7° 75.7°| 78.7° Noon. 
Air mass. | Local 
Date. 75th 
| solar 
ame. A.M. P.M. ‘time. 
e. | 5.0) 40,30) 20/410) 20/30) 40] 50 
| | | 
mm.| cal. | cal. cal. | cal. | cal. | cal. | cal. | cal. | cal. | mm. 
3.30] 0.65} 0.81) 0.95) | 3.45 
ll 2.06 | 0.67) 0.79 | 2.36 
4.17| 0.58 0.73 1.04 0.93) 0.82) 3.45 
0.64, 0.78! 0.93) (0.98) (0.82)|(0.67) ...... 
Madison, Wis. 
Means.......... (0.95) 1.08) 1.20/(1.30) ...... 
Lincoln, Nebr. 
| 
0.95) 1.22) 1.24) 1.07) 0.92) 2.49 
Means.......... (0.88), (1. 18)|(1.04)| 0.87...... 
* Extrapolated. 


TaBLe 2.—Solar and sky radiation received on a horizontal surface. 


| 
| Average daily departure Excess or deficienc 
Average daily radiation. for the week. | since first of year. 
Week be- 
Wash-, Madi- | Lin- Wash- Madi- | Lin- | Wash-/ Madi- Lin- 
ington., son. | coln. /ington. son. | coln. |ington.| son. | coln. 
| | | | 
cal. cal, cal. | cal. cal. cal. | cal. cal, | cal. 
Jan. 1..... 119; 105] 1 | 
147 109 212 —-16; —4 +16, —378|} -—559  —368 
110 144 206 —74 | —42 —19 145 | —824 —34l 


MEASUREMENTS OF THE SOLAR CONSTANT OF RADIA- 
TION AT CALAMA, CHILE. 


By ©. G. AsBor, Assistant Secretary. 
{Smithsonian Institution, Washington, Feb. 28, 1923.] 


In continuation of preceding publications, the followin 
table contains further results for the solar constant o 
radiation obtained at Montezuma, near Calama, Chile. 
The values of p/p,, are given at air mass 2, or if not the 
air mass is stated. The reader is referred for further 
statements regarding the arrangement and meaning of 
the table to the Review for February, August, and Sep- 
tember, 1919. 

The values given for June 1 and 2 are to be substituted 
for the value of June 2 in the Review for September, 
1922, and those of July 2 and 15 are to be added to those 
given for July in the same number of the Review. 

Readers will note how very low the solar constant 
values are now running, compared with what they were 
in the earlier years. a observations in South America 
when the average value of 1.95 prevailed. This, as 
readers of Volume IV of the Annals of the Astrophysical 
Observatory will recognize, is perhaps to be expected, in 
view of the minimum of sun spots which now prevails, 
for all the history of our observing indicates that high 
solar constant values attend maximum of sunspots and 
vice versa. On the other hand, as pointed out in Volume 
IV of the Annals, it not infrequently happens that indi- 
vidual sun spots are attended with temporary low values 
of the solar radiation. This was notably the case in 
March, 1920, and unpublished observations at Mount 
Harqua Hala, Ariz., indicate that it was true also for the 
sun-spot group which began to form about October 17, 
1922. It is to be regretted that owing to sickness no 
observations were had in Chile during the extremely 
interesting period from October 12 to October 29, 1922, 
when this phenomenon was reported from Arizona. 

I am inclined to attribute this dual association with 
sun spots to these considerations: (1) High solar constant 
values prevail at periods of maximum sun spots because 
the increased solar circulation brings up hotter material 
to the radiating surface of the sun. (2) Individual sun 
spots are often accompanied by protruding masses of 

iminished transparency, and while these protruding 
shafts point toward the earth they diminish the solar 
radiation. As the sun rotates such shafts of diminished 
transparency pass by, and the solar radiation recovers 
its normal intensity. 


SUS 
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Trans- Humidity. ‘Trans- Humidity 
| 
Solar = Solar 
Date. | con- | Method. |Grade.| tive Remarks. Date. | con- Method. (Grade. Remarks. 
at 0.5 | pipse |V. hu- 0.5 | plese | V. P.| hu- 
| mi- mid- | mi- mid- 
| cron. ity. | cron. ity. 
1922. Per 1922. Per 
P.M. cal. cm. | cent. A.M. cal. | cm. | cent. 
June 1/ 1.906 | Mow..... S. | 0.878 |10.572 | 0.24 16 | Small cumuli in east. 
Oct. 1.936 | S. | 0.871 | 0.20 7 | Cloudless. 
P.M. 8 | 1.933 | Mise....| 879 | 1.704) | 38 Do. 
July | 1.870 | S— | .888] .12| 19 | Cloudless. 
1.893 | W. M...) Oct. 10] 1.921} Mis..... .880 | .629| .19| 11 Cumuli low in east. 
July 15 | 1.927 | Mio | s. | .879| 4636{ Small patches of cirri 
Aug. 1] 1.883 | Mao..... s— .885 | .680 26 7 | Cloudless. lo 
5| 1.915 | Mes....| S— | .886| 6742] .13| 17 Do. Oct. 12] 1.956/ Eo...... E 874 | .701| .27| 44 | Cloudless. 
8 | 1.931 | Mig...) S— | .88| 6778] .11 5 Do. 
11 | 1.907 | Mego....| S— | .888| 7.804] .12 6 Do. 
29 | 1.987 | My.....| S— | .878| .809| 11 Do. 
A.M. P.M. 
Aug. 12) 1.976 | Eo...... VG+| .875| .747| .08 9 | Cloudness. Nov. 3 | 1.904! Mise-...| S— | .862| 8.615 | .29 8 | Cumuli low in east. 
4 | 1.930 | S— | .865 | 9.624 | .26 6 | Cloudless. 
Aug. 19, 1.904 Mow...., S— 889 | .836] .19| 10 | Cloudless. 
‘ 0. Nov. 6] 1.920! Eo...... V.G.| .873 24| 47 | Cloudless. 
A.M. H | P.M. 
Aug. 28 | 1.937 | Migs...) S— | .879| % 795] .19 7 | Cloudless. Nov. 10| 1.939 | Mew--..| S 870 | .606 | .18]| 12 | Cirri low in east. 
Aug. 30/| 1.850) Min..... S— | .09| 5 Cloudless. 
917 | 1. 871 | 90,749 | .24| 7 | Cloudless. 
16 | 1.925 | S— | -878| .658| .15| 10) Do. Nov. 15 | 1.983 | S— | .859| .507/ .38| 16 | Cumuli low in east. 
20 | s— 875 | 12.622 20 11 Do. 20 | 1.923 | S— | 2.750 | .49 20 Do. 
A.M. 1 Me.s..... F . 868 562 | .28 6 | Cirri in east and sou 
Sept. 27 | 1.936 | Mes..... 8 .878! .674| .14 8 | Cloudless, 1916 
| 30 | 1.921} Mi.a---.| S— 880 | 9.799 | .11 | 13 Cirri low in east. 
28 | 1.976 Miso 8747/8743" | Cumuii low in east. 
P.M. | 23. 1] 
1,916 Minne... 11 | 1.906 | S— | .889 | 24.471 | .29 5 Cumull in east. 
A.M. | forming near sun 
Oct. 1.923 | Moos....| S .874| .550| Patches of cumuli low prevented further 
1,925 | in east. |__ observations. 
Oct. 1.914, Mier....| S— | .15| 13 | Cloudiess. 
Oct. 1.913 | Mis....| | .880}15.669| .13| 12 | Cloudless. Be 
1.918 | W. 16 Air mass 1.44. Air mass 1.73. Air mass 1.61. % Air mass 1.77. 
1 Air mags 2.13. 5 Air mass 2.12. 9 Air mass 1.24. 13 Air mass 1.20. Air mass 1.36. % Air mass 1.18. 38 Air mass 1.84. % Air mass 1.45. 
* Air mass 2.12. 6 Air mass 1.61. 10 Air mass 1.74. \4 Air mass 1.87. 18 Air mass 1 58. ® Air mass 1.28. % Air mass 2.34. 
* Air mass 1.89. 7 Air mass 2.42. 11 Air mass 1.57. 1 Air mass 1.81, 
‘ Air mass 1.60 8 Air mass 2.88. 13 Air mass 2.14, 
36432—23-——3 
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WEATHER OF NORTH AMERICA AND ADJACENT OCEANS. 


NORTH ATLANTIC OCEAN. 
By F. A. Young. 


The average pressure for the month was somewhat 
lower than usual at land stations in Newfoundland and on 
the American coast, north of Hatteras. It was slightly 
above the normal in the West Indies and Gulf of Mexico, 
while in the Azores and on the coast of Great Britain the 
positive departures were quite large. 

Fog was unusually prevalent on the Grand Banks and 
off the New England coast, and was also observed on 
three days in the Gulf of Mexico, while the eastern section 
of the steamer lanes was comparatively free. 

Taking the ocean as a whole, the number of days on 
which winds of gale force were observed, was not as great 
as in December, although considerably above the normal 
for January. In the southwestern section of the ocean 
there was comparatively little difference between the two 
months, although in the eastern part of the steamer lanes 
the number for the month under discussion was slightly 
less than usual. 

A large number of casualties was reported, and during 
the last two decades of the month, unusual unfavorable 
conditions prevailed over the region between the Azores 
and Bermudas. 

On the Ist there was a fairly well developed disturbance 
in mid-ocean that moved rapidly eastward, as on the 3d 
it was in the vicinity of the North Sea, and a number of 
vessels in the eastern section of the steamer lanes reported 
strong gales, as shown by following storm logs: 


British S.S. Manchester Spinner: 


Gale began on December 31, wind SW., 6. Lowest barometer 29.43 
inches at 3:30 p. m. on the 2d, wind W., in latitude 50° 32’ N., longi- 
tude 22°07’W. Endonthe 2d, wind WNW. Highest force of wind 12; 
shifts 2 points. 


British S. S. Manchester Merchant: 


Gale began on the Ist, wind SW. Lowest barometer 29.05 inches at 
noon on the Ist, wind SW., 9, in latitude 51° $3’ N., longitude 33° 41’ 
W. End on the 2d, wind NW. Highest force of wind 12; shifts 
WSW.-NW. 

On the Ist Cape Hatteras was the center of a second 
area of low pressure, that moved rapidly northeastward 
and on the following day was over the western part of 
Newfoundland. Storm logs: 


French S. S. Rochambeau: 


Gale began on the Ist, wind S. Lowest barometer 29.61 inches on 
the Ist, wind SSW., 11, in latitude 41° N., longitude 64° 35’ W. End 
gH wind WNW. Highest force of wind 11, SSW.: shifts 
SSW.-WNW. 


American S. 8S. Lake Gilboa: 


Gale began on December 31, wind SSE. Lowest barometer 29.70 
inches on the Ist, wind §., 10, in latitude 35° 12’ N., longitude 75° 18” 
W. End on the Ist. Highest force of wind 10, 8.; shifts SSE.-S. 


Dutch S. S. Leersum: 

Gale began on the Ist, wind SSW. Lowest barometer 29.76 inches 
at 2:30 a. m. on the 2d, wind N., 10, in latitude 40° 33’ N., longitude 
tf W. Endonthe 2d. Highest force of wind 11; shifts SSW.-W-. 

On the 5th moderate gales were reported by vessels off 
the European coast and on the 6th a disturbance of 
limited extent was central near latitude 45° N., longitude 
35° W. Its easterly movement was fairly rapid, as on 
the 8th the center was about 5° west of the Irish coast. 
From the 8th to the 10th the rate of translation lessened, 
as on the latter date it was central over the north of 
Scotland, and strong westerly to northwesterly gales 
accompanied by rain, hail, and snow were prevalent over 


the region between the 30th meridian and European 
coast. Storm logs follow: 


American S. S. Wildwood: 


Gale began on the 5th, wind 8. Lowest barometer 29.71 inches at 
4 p.m. on the 6th, wind SW., 7, in latitude 44° 45’ N., longitude 37° W. 
End on the 7th, wind NW. Highest force of wind 10; shifts SSW.-NE. 
and backing to NW. 


British S. S. Kenbane Head: 


Gale began on the 7th, wind WSW. Lowest barometer 29.19 inches 
at 10 p. m. on the 8th, wind WSW., 10, in latitude 54° 46’ N., longitude 
16° 40° W. End on the 10th, wind NW. Highest force of wind 10, 
W., shifts WSW.-NW. 


American S. 8. Monmouth: 


Gale began on the 9th, wind NW. Lowest barometer 30.01 inches 
at 2a. m. on the 9th, wind NW., 9, in latitude 50° 20’ N., longitude 
13° 15’ W. End on the 10th, wind NW. Highest force of wind 10; 
steady NW. 

British S. S. Ballygally Head: 

Gale began on the 8th, wind 8S. Lowest barometer 28.15 inches at 
5 p. m. on the 9th, wind WNW., 9, in latitude 58° 30’ N., longitude 
16° 40’ W. End on the 10th, wind NW. Highest force of wind 11, 
SSW.; shifts S-N. by W. 17 points, then NW. 


On the 9th Halifax, N. S., was near the center of a 
moderate disturbance that increased in intensity as it 
traveled slowly in an east-northeasterly direction, and 
on the 10th and 11th southerly to westerly gales were 
reported from the region between the 30th and 40th 

— and 55th and 70th meridians. Storm logs 
ollow: 


British S. S. Comanchee: 

Gale began on the 8th, wind W. Lowest barometer 29.37 inches at 
4a. m. on the 10th, wind W., 7, in latitude 37° 23’ N., longitude 67° 16’ 
W. End on the llth, wind N. Highest force of wind 10; shifts 
W.-NW. 

American 8S. S. City of Freeport: 


Gale began on the 10th, wind SSW. Lowest barometer 29.58 inches 
at 8 a. m. on the llth, wind S., 8, in latitude 37° 11’ N., longitude 
58° 20 W. End on the llth, wind WNW. Highest force of wind 9: 
shifts S-WNW. 

On the 12th New York was surrounded by an area of 
moderate low pressure that afterwards developed into 
one of the worst storms of the month; increasing in inten- 
sity, and moving but slightly, the storm arex on the 
13th and 14th extended as far south as the 30th parallel. 
Charts VIII to X show the conditions from the 13th to 
15th, inclusive. Storm logs follow: 


American schooner Frank A. Morey: 

Gale began on the llth, wind SSW. Lowest barometer 29.89 inches 
at 4a. m. on the 12th, wind SW., in latitude 35° N., longitude 75° 25’ 
4 A the 12th, wind WSW. Highest force of wind 9; shifts 
SSW.- 


British S. S. San Bruno: 


Gale began on the 12th, wind SW. Lowest barometer 29.93 inches 
at noon on the 12th, wind SW., in latitude 33° N., longitude 71° 42’ W. 
End on the 14th, wind N. Highest force of wind 10; shifts SW.-WNW. 


American S. S. Effna: 


Gale began on the 13th, wind SW. Lowest barometer 29.62 inches 
on the 13th, wind W., in latitude 33° 54’ N., longitude 60° 53’ W. 
End on the 14th, wind NW. Highest force of wind 9; steady W. 


British S. S. Henry Deutsch de la Meurthe: 


Gale began on the 12th, wind S. Lowest barometer 29.39 inches at 
10 p.m. on the 12th, wind S., 8, in latitude 39° 20’ N., longitude 57° 35’ 
“—n cn _ the 13th, wind NW. Highest force of wind 10; shifts 


German S. S. Bayern: 


Gale began on the 13th, wind SSE. Lowest barometer 29.18 inches 
at 5 a. m. on the 14th, wind WSW., 12, in latitude 42° 4’ N., longitude 
45° 50’ W. End on the 16th, wind NNE. Highest force of wind 12, 
WSW.; shifts SSE._WSW.-WNW. 
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Italian S. S. Giuseppi Verdi: 

Gale began on the 14th, wind S. Lowest barometer 29.34 inches at 
noon on the 14th, wind S., 8, in latitude 37° N., longitude 44° 22’ W. 
End on the 18th, wind NNE. Highest force of wind 10; shifts not 
given. 

American S.S. W. H. Tilford: 

Gale began on the 13th, wind SSW. Lowest barometer 29.59 inches 
at 10 p. m. on the 13th, wind WNW., in latitude 37° N., longitude 55° 
48’ Ww End on the 16th, wind NW. Highest force of wind 10, WSW.; 
shifts SSW.-S.-WNW. 

On the 15th there was a second disturbance central off 
Nantucket and from that date until the 17th hea 
weather prevailed over the region between the 55t 
meridian and the American coast, the storm area extend- 
ing as far south as the Bermudas. It was in this storm 
that the Italian S.S. Montello was lost, her ship’s company 
being rescued by the crew of the Italian S. S. Giuseppi 
Verdi on the 16th, near latitude 37° N., longitude 57° W. 
Storm logs follow: 

American S. S. Harvester: 

Gale began on the 14th, wind NE. Lowest barometer 29.98 inches 
at 7p. m. on the 15th, wind NW., in latitude 33° 34’ N., longitude 77° 
49 W. End on the 18th, wind S. Highest force of wind 9; shifts 
NE.-E.-S.-SW.-W.-NW. 

American S. S. Satartia: 

Gale began on the 17th, wind W. Lowest barometer 29.69 inches on 
the 17th, wind WNW., 8, in latitude 36° 23’ N., longitude 64° 10’ W. 
End on the 18th, wind NNW. Highest force of wind 10; shifts W.- 
W.-WNW.-NW.-NNW. 

On the 17th and 18th northeasterly winds of gale force 
were encountered in the West Indies as shown by follow- 
ing storm log: 

S. Lake Fairport: 

Gale began on the 17th, wind NE. Lowest barometer 30 inches at 
4p. m. on the 18th, wind NE., in latitude 18° 17’ N., longitude 75° 
39 W. End on the 18th, wind ENE. Highest force of wind 9; shifts 
NE.-ENE. 

On the 19th and 20th favorable weather was the rule 
over the entire ocean except that moderate gales were 
reported from a limited area off the coast of Scotland. 

On the 20th and 21st northerly winds of gale force, 
accompanied by unusually high barometic readings, were 
— by vessels near latitude 40° N., longitude 45° 

. Storm log follows: 

British S. S. Epsom: 

Gale began on the 20th, wind NNE. Lowest barometer 30.43 inches 
at 8a. m. on the 2lst, wind NNE., 8, in latitude 40° 18’ N., longitude 
48° W. End on the 22d, wind ENE. Highest force of wind 9; shifts 
NNE. to NE. 

Charts XI to XIII show the conditions from the 24th 
to 26th, inclusive, when the greater part of the ocean 
was swept by gales of varying intensities. On the 25th 
and 26th there were two areas of low pressure; the first 
central off the New England coast and the second near 
latitude 45° N., longitude 40° W. On the 26th the west- 
ern disturbance was especially violent over a limited area 
in the vicinity of Nantucket Shoals. Storm logs follow: 

British M. S. Dominion Miller: 

Gale began on the 23d, wind SW. Lowest barometer 29.75 inches 
at noon on the 23d, wind SW., 7, in latitude 43° 36’ N., longitude 
53° W. End on the 24th, wind N. Highest force of wind 10, N.; 
shifts SW.-W.-NW.-N. 

British M.S. Dominion Miller: 

Gale began op the 25th, wind N. Lowest barometer 29.25 inches 
at noon on the 25th, wind N., 8, in latitude 41° 14’ N., longitude 
64° 26’ W. End on the 26th, wind N. Highest force of wind 12; 
shifts SE.-S.-SW.-W. 

British S. S. Verentia: 

Gale began on the 23d, wind SE. Lowest barometer 29.40 inches 
at 8 p. m. on the 25th, wind NW., 9, in latitude 41° 55’ N., longitude 
45° 54” W. End on the 26th, wind W. Highest force of wind 10, 
NW.; steady NW. 

American S. S. Tezan: 

Gale began on the 24th, wind SE. Lowest barometer 29.31 inches 
at 6 p. m. on the 25th, wind 11, S., in latitude 44° 39 N., longitude 
37° W. End on the 26th, wind SE. Highest force of wind 11; shifts 
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Dutch S. S. Bergerdijk: 

Gale began on the 25th, wind SSE. Lowest barometer 29.16 inches 
at 1 p. m. on the 25th, wind SSE., 8, in latitude 42° 09 N., longitude 
64° 05’ W. End on the 26th, wind NW. Highest force of wind 9; 
shifts SSE.-W. 


Dutch S. S. Amersfoort: 

Gale began on the 20th, wind ENE. Lowest barometer 29.59 
inches at 5:30 a. m. on the 24th, wind SW., 2, in latitude 35° 22’ N., 
longitude 43° 23’ W. End on the 25th, wind NNW. Highest force 
of wind 9; shifts SSW.-NW. 


French S. S. Roma: 


Gale bagan on the 24th, wind SE. Lowest barometer 29.56 inches 
at 10 a. m. on the 25th, wind SE., 10, in latitude 38° 09 N., longi- 
tude 30° 45’ W. End on the 26th, wind SW. Highest force of wind 
10, SE.; steady SE. 


Belgian S. S. Sunoco: 

Gale began on the 25th, wind SE. Lowest barometer 29.46 inches 
at 7 a. m. on the 25th, wind SE., 9, in latitude 45° 14’ N., longitude 
36° 10’ W. End on the 27th, wind SSE. Highest force of wind 10; 
shifts SSE.-ESE. 


The weather conditions over the ocean, as a whole, 
were unfavorable during the remainder of the month, 
although the intensity of the gales and extent of the 
storm areas varied considerably from day to day. The 
most unusual feature was the persistent intrusion of 
heavy winds in the region between the Azores and 
Bermudas, extending below the 30th parallel. On the 
30th the greater part of the ocean west of the 30th 
meridian was storm swept, while on the 31st moderate 
weather prevailed over quite an extensive area in mid- 
ocean. Storm logs follow: 

British S. S. Idaho: 

Gale began on the 24th, wind NW. Lowest barometer 29.01 inches 
at 4 a. m. on the 27th, wind WNW., in latitude 41° 12’ N., longitude 
52° 48’ W. End on the 28th, wind N. Highest force of wind 9; 
shifts WNW.-NW. 

British S. S. Verbania: 


Gale began on the 26th, wind WNW. Lowest barometer 29.19 
inches at noon on the 27th, wind WNW., in latitude 41° 08’ N., longi- 
tude 56° 58’ W. End on the 28th, wind NW. Highest force of wind 
9, NNW.; steady WNW. 


American S. S. Quistconck: 


Gale began on the 29th, wind SW. Lowest barometer 29.70 inches 
at 10 a. m. on the 29th, wind SW., 7, in latitude 31° 56’ N., longitude 
49° 12’ W. End on the 31st, wind NW. Highest force of wind 9, 
SW.; shifts SW.-WN W. 


American S. 8. Schodack: 


Gale began on the 29th, wind S. Lowest barometer 28.95 inches 
at 2 p. m. on the 30th, wind S., 12, in latitude 44° 20’ N., longitude 
35° 20 W. End on the 3st, wind W. Highest force of wind 12; 
shifts S.-W.-SW. 


British S. S. Saint Andrew: 


Gale began on the 29th, wind SE. Lowest barometer 28.50 inches 
at 7 p. m. on the 30th, wind SW., 6, in latitude 49° N., longitude 38° 
06’ W. End on the 3lst, wind WNW. Highest force of wind 10; 
shifts S.-W.-N W. 

British S. S. Jdaho: 
Gale n on the 29th, wind NW. Lowest barometer 29.89 inches 


on the 29th, wind NW., in latitude 40° 37’ N., longitude 65° 55’ W. 
End on the 30th, wind NW. Highest force of wind 10; steady NW. 


American S. S. Glen Ridge: 


Gale began on the 31st, wind NNW. Lowest barometer 29.84 
inches at noon on the 3lst, wind NNW., 8, in latitude 42° 06’ N., 
longitude 54° 31’ W. End on February 1, wind NW. Highest force 
of wind 10; shifts NNW.-NW. 


French S. S. Rochambeau: 


Gale bog on the 30th, wind SSE. Lowest barometer 29.37 inches 
at midnight on the 30th, wind S., 11, in latitude 49° 05’ N., longitude 
26° W. End on the 31st, wind WSW. Highest force of wind 12; 
shifts not given. 

American S. S. Wildwood: 

Gale began on the 29th, wind S. Lowest barometer 29.92 inches 
at 8 p. m. on the 3lst, wind SW., 10, in latitude 39° 15’ N., longitude 
31° 02’ W. End on February 1, wind WNW. Highest force of wind 
11; shifts SW.-WNW. 
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NORTH PACIFIC OCEAN. 
By Wuus E. Hurp. 


Generally speaking, the weather over the North Pacific 
Ocean during January was more disturbed than during 
the previous month. Extreme storm conditions, how- 
ever, were not so prevalent, and only one report of a wind 
velocity attaining hurricane force has been received. 
That velocity occurred on the 3d of the month, near the 
44th parallel, 162d meridian of east longitude. Over the 
northern steamship routes much snow fell, frequently 
observed as heavy. Near midnight of the 10th, when 
near latitude 43° N., longitude 158° E., the American S. S. 
West Kader encountered very heavy snow while in the 
calm center of a storm. At its heaviest, 4 inches fell 
in the course of 20 minutes. 


At Honolulu conditions were quite different from those 
of December. The weather was generally cloudy, and 
rain, frequently heavy, fell on all but two days. In con- 
trast to the abnormally low wind velocity of the previous 
month, January had the highest average wind velocity, 
11.7 miles per hour, in the records of the station. A 
storm which swept the Hawaiian Islands from the morning 
of the 13th until the night of the 16th caused considerable 
damage. The highest velocity at Honolulu was at the 
rate of 56 miles per hour, which was 8 miles higher than 
the previous record. On the morning of the 14th two 
light earthquake shocks were experienced during the 
height of the storm. 


High presssure covered the China coast during the 
greater part of the month, thereby causing a strong prev- 
alence of the northeast monsoon. Two storms, however, 
are known to have issued from this area, entering the 
sea, one on the 7th, the other on the 14th. From the Ist 
to the 3d the steep gradients between the Manchurian 
HIGH, with a crest of 30.87 inches, and the moderately 
deep depression of a cyclone central east of Sakhalin, 
caused strong gales over Japan and the vicinity. 


On the 2d there were apparently three centers of cy- 
clonic activity along or near the 50th parallel, stretching 
from coast to coast. The low pressure trough was per- 
sistent for several days. During this period a number of 
vessels, eastward bound, encountered rough weather alon 
the northern routes, more particularly west of the 180t 
meridian. The heaviest gales occurred on the 3d and 
4th, and velocities of force 8 to 10 were widespread. The 
Canadian Pacific S. S. Empress of Australia reported a 
southwest hurricane at noon of the 3d, as previously 
noted. Pressures over a wide area were unusually low. 
Second Officer Parker, of the British S. S. Talthybius, 
Yokohama toward Victoria, said in this respect: 


A very marked feature of our passage has been the exceptionally low 
reading of the barometer, from about longitude 162° E. up to about 140° 
W., where a steady rise started. With the exception of one gale, the 
weather we experienced was comparatively fine from the 180th merid- 
ian, and not what we might have expected from so low a barometer. 
Our lowest reading (corrected) was 28.39 inches, in latitude 46° 16’ N., 
longitude 165° 56’ E., on the 3d. 


Early on the morning of the 3d the Canadian S. S. 
Canadian Winner, while in nearly the same position, 
reported a corrected pressure reading of 28.26 inches, the 
lowest noted on the Pacific for the month. 


The Asiatic cyclone of the 7th was causing gales over 
Japan on the 8th. On the 9th and 10th the storm moved 
northeastward, and while it gave fresh gales to shipping 
southward of the Aleutians during those dates, it finally 
disappeared by entering the strong Low central on the 
11th over the lower reaches of Bering Sea. 


January, 1923 


The storm that left China on the 14th was attended by 
ales over Japan and adjacent waters on the 15th. Two 
Jeptinah steamships, eastward bound from Yokohama, 
were in this storm on that date, but reported no higher 
winds than force 9. One, the Tokiwa Maru, was in latitude 
37° 57’ N., longitude 145° E., with pressure of 29.10 
inches, wind from the south. The other, the Korea Maru, 
in latitude 34° 41’ N., longitude 140° 38’ E., had a south- 
west gale, with pressure of 29.40 inches. The storm 
seems to have moved northeastward, like its predecessor, 
and merged with the Aleutian Low. 

In addition to the continental storms and the pertur- 
bations of the Aleutian Low, two or three oceanic de- 

ressions, or storms, moved into the field of observation 
rom lower latitudes. The first was that of the 13th, 
which swept the Hawaiian Islands with an intensity 
unusual for that area. The pressures were not especially 
low, the minimum at Honolulu being 29.68 inches on the 
14th, and no other pressures as low being observed at this 
time by vessels to the southward of the 40th parallel in 
this vicinity. The highest wind force observed was 10 
from the north, noted by the American S. S. City of Los 
Angeles, on the 14th, in latitude 22° 40’ N., longitude 155° 
W. This storm, by the afternoon of the 15th, had moved 
northward and lost its identity in the Low then covering 
the Gulf of Alaska. 

On the 20th the pressure at Honolulu had again be- 
come moderately low, though no storm conditions of 
moment developed. About the 22d a depression ap- 
oe off the upper California coast, and another was 
ound to the westward of Hawaii. On the 25th pressure 
was low at Midway Island. The relationship between 
these depressions and that over Hawaii on the 20th, while 
possible, is in neither case assured. 

The Mexican and Central American coast region was 
generally quiet throughout the month, with few gales 
reported. e winds were mostly from westerly to north- 
erly directions. Strong northers occurred over the Gulf 
of , Soeenrommaal particularly on the 18th, 19th, and 20th. 

An examination of the more permanent pressure ele- 
ments shows the eastern North Pacific HigH to have 
been quite firmly intrenched from the Ist until about 
the 14th. Following the Hawaiian storm of the 14th, 
pressure became high over and to the westward of the 
islands on the 16th. This anticyclonic condition gradu- 
ally spread eastward, as storm conditions receded, till by 
the 18th it was once more established along the Cali- 
fornia-Hawaiian routes. A storm, built up in this area 
on the 2ist and 22d, passed into the California coast on 
the 23d, and from then until the close of the month the 
HIGH dominated the weather conditions over most of the 
eastern Pacific except the Gulf of Alaska. 

The Aleutian Low exhibited its usual fluctuation in 
movement and intensity. It was quite strong over the 
Gulf of Alaska during the greater portion of the month, 
and over the western Aleutians during much of the early 
half. Offshoot storms from the gulf Low entered the 
Canadian mainland on the 2d, 7th, 11th, 16th, and 27th. 
A mid-Pacific high pressure area bulged into the Aleutian 
Low region in the neighborhood of Dutch Harbor during 
much of the month from the 13th to the 26th. 

Pressure conditions over the eastern portion of the 
ocean, as shown by observations at the island stations, 
were, in general, the reverse of those in the preceding 
month. At Dutch Harbor, where in December there 
was a deficiency of 0.15 inch, pressure rose to normal, or 
approximately 29.71 inches, based on p. m. observations. 

e net rise was 0.31 inch. The highest pressure recorded 
was 30.46 inches, on the 20th; the lowest, 29.88 inches, 
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on the 11th. Absolute range, 1.58 inches, as compared 
with 1.46 inches in December. At Midway Island the 
average pressure was 30.11 inches, or 0.11 inch above 
the normal, being a net rise of 0.23 inch. The highest 
was 30.38 inches, on the 9th; the lowest, 29.82, on the 
25th. At Honolulu the average pressure was 29.98 
inches, or some 0.04 inch below normal. This was 0.10 
inch below the average for December. The highest 
pressure, 30.16 inches, occurred on the 16th; thelowest, 
29.68, on the 14th. 

Fog seems to have been less prevalent in January than 
in December. The only report of its occurrence in east 
longitude was on the 17th, in latitude 28° N., longitude 
163°. In west longitude fog was observed on the 18th 
in latitude 41° N., longitu e 172°, and by one vessel 
sailing along latitude 38° N. between longitudes 162° and 
148° W.., during the 26th to 29th. Fog occurred alon 
the American coast, more particularly south of the 34t 

arallel, on several days, as indicated by ships’ reports. 
t was observed in the neighborhood of San Pedro on 
the 17th, 18th, 21st, and 22d, and as far south as lati- 
tude 24° N., longitude 112° W., on the 7th and 8th. 


NOTES ON WEATHER IN OTHER PARTS OF THE WORLD. 


Nova Scotia.—St. Jouns, N. B., January 26.—Huge 
snow drifts blown in the gale that followed last night’s 
severe snow and sleet storm, blocked rail traffic in this 
section to-day and several train trips were canceled.— New 
York Post, 27, 1928. 

Hauirax, January 26.—The British freighter Cairn- 
mona, which left Leith for Portland, Me., January 16, 
has been caught in a great ice field off Cape Race, accord- 
ing to a radio message from the steamer to the marine 
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and fisheries department. The message sent yesterday 
afternoon and signed by Captain Berlin, said the ice 
field extended north and south as far as the eye could 
reach and appeared to be about 18 miles across east and 
west. New York Post, January 27, 1923. 

France—Cannes, January 5.—Unprecedented cold 
weather gripped the Riviera to-day, which caused hun- 
dreds of society folk wintering here to send home for 
post clothes.— Washington Times-Herald, January 6, 

Paris, January 9.—The Seine, which twice this winter 
has threatened to repeat the disastrous flood of 1910, is 
rising again and some alarm is felt unless the rains 
cease.—Binghamton Morning Sun, January 10, 1923. 

Paris, January 18.—The first snow of the season fell 
in Paris to-day. It was a light fall, coming after the 
two-day cold wave that now prevails over France, with 
temperatures ranging around freezing.—Chicago Even- 
ing Post, January 18, 1923. 

Jamaica.—Kincston, January 26.—The northern and 
Central parishes have been visited by strong winds and 
heavy rains, which have caused considerable damage to 
the banana plantations and have seriously imperiled 
the next crop.—Chicago Daily News, January 26, 1928. 

Hawaii.—Hono January 15.—A howling 55-mile 
gale, the stiffest ever recorded in the islands, accom- 
peewee by two earthquake shocks, swept and rocked 

awall yesterday, last night and early this morning, 
Pye ‘a least one death.— Washington Post, January, 

Agentina.—BUENOs ArREs, January 24.—Buenos Aires 
to-day sweltered under a temperature of 104° F., which 
was accompanied by an extraordinarily hot wind, not 
unlike a simoon. There were numerous prostrations. 
The temperature was the highest recorded here in 15 
years.— New York Herald, January 25, 1923. 


DETAILS OF THE WEATHER IN THE UNITED STATES. 


GENERAL CONDITIONS. 
By J. Henry. 


The outstanding feature of the month was the high 
temperature for the season that prevailed in all parts 
of the country except New ise and along the middle 
Pacific coast. An unusually large number of cyclonic 
storms passed across the country, some of which devel- 
oped greatly in intensity off the Canadian Maritime 

rovinces. As a consequence the weather was cold and 
stormy in New England with considerable snow in 
ae contrast to the weather elsewhere in the United 

tates. 

Precipitation was slightly below the normal for the 
country as a whole, although no marked deficits occurred 
m any part of the country. 


CYCLONES AND ANTICYCLONES. 
By W. P. Day. 


Cyclonic activity was above the average during the 
month of January, if one considers merely the number of 
high and low pressure areas which crossed the field of 
observation. However, severe winter weather was con- 
fined mostly to the northern portion of the Atlantic 


States. The stormy weather in New England and New 
York was caused by a frequent development of important 
secondary storms off the New Jersey coast, bringing high 
northeasterly winds, often with heavy snow, and fol- 
lowed by sweeping cold waves. Anticyclones caused by 
outflowing polar air (Alberta and Hudson Bay uiaus) 
ornare remained north of latitude 40° N., while the 
uilt up HIGHs from the Pacific moved in a group much 
farther south. Tables showing the number of cyclones 
(Lows) and anticyclones (H1aHs) by types follow: 


North | South : ern | 
Al- Colo- | East Tote 
Cyclones. berta. Pa- | Pa- Rocky rado. Guif. |, At tral. 


cific. | cific. 


January, 1923...., 8.0 2.0 FOF 
Average number, ; | 

1892-1912, in- | 

clusive......... 4.7, 2.5) 0.9) 0.4 

Antiyclones. | 

Average number, 1892-1912,inclusive, 0.8 


: 
> 
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FREE-AIR SUMMARY. 


By L. T. Samvg s, Meteorologist. 


The outstanding feature of the month was the prev- 
alence of positive temperature departures, particularly 
in the middle and lower latitudes of the country. (See 
Table 1.) The departures found at the aerological sta- 
tions conformed in amount closely with those shown in 
climatological Chart III]. At every station except 
Ellendale and Groesbeck the departures fell off appre- 
ciably in amount with increase in altitude, becoming in 
some cases negative in the highest levels. At Ellendale 
they increased slightly in amount with increasing alti- 
tude. At this station, however, the departures in the 
lower levels were exceedingly small. At Groesbeck, the 
southernmost station, large positive departures persisted 
to 5,000 m. 

Maximum temperature records were broken during the 
month for various levels at Broken Arrow, Ellendale, and 
Groesbeck. On these days there was usually found a 
large temperature inversion, its influence extending to 
heights between 2,000 m. and 3,000 m. where the tem- 
perature was higher even than that at the surface. 

Mean relative humidities for the month were-mostly 
below normal, exceptions being found in the lower levels 
at Ellendale, the upper levels at Groesbeck, and all levels 
at Royal Center. Wotwitheteiding the wide fluctua- 
tions found in this element on individual days, the 
monthly means differ comparatively little from the 
normal values as shown in the table. 

Mean vapor pressures varied only slightly from the 
monthly normals, the departures being in general positive 
at those stations having the greatest positive tempera- 
ture departures and negative elsewhere. At Groesbeck, 
where positive temperature departures persisted at all 
levels, the vapor pressure departures were greatest and 
all positive. 

tmospheric electric potentials, markedly higher than 
normal, were observed on 8 of the first 10 days of the 
month at Groesbeck, Tex. 

In Table 2 are shown the resultant wind velocities 
and directions for the month and their normal values, 
the latter being based on the period indicated for each 
station in the heading of the table. These result- 
ants show rather unique characteristics for the various 
stations. In the lower levels at Broken Arrow where 
the south component is strongly marked the resultant 
velocity exceeds its normal appreciably, thus conforming 
with the large positive temperature departures found at 
this station in these levels. At Drexel the normal 
amount of the north component was only slightly less 
pronounced in the lower levels in the resultant for the 
month. In the higher levels, however, there is a con- 
siderable shift to the southward. This latter fact is 
likewise true at the other two northern stations and is 
mentioned in connection with the statement by E. H. 
Bowie appearing in this Review under the section of 
‘Weather and storm warnings,” to the effect that the 
paths of the anticyclones were generally in relativel 
high latitudes and the cold waves of the month for this 
reason were confined to the more northern sections of 
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the United States. Due West shows very little difference 
between the resultant for the month and the averages, 
The period of record here, however, is too short to permit 
strict comparison. In comparing the monthly means 
and normals at Ellendale there is found in the lower levels 
a greater north component for the month, while in the 
upper levels a smaller one occurred. This fact is in 
harmony with the temperature departures shown in 
Table 1. At Groesbeck the south component very 
decidedly exceeded the normal direction as well as the 
resultant velocity for the month. This was most pro- 
nounced in the lower levels, conforming remarkably with 
the consistent positive temperature departures at this 
station. Practically no difference is found between the 
resultant and normal winds at Royal Center where 
temperature departures were comparatively small. 
pper winds of hurricane velocity esate frequently 

over some sections of the country. At Drexel tor the 
two-week period (7th—20th) these strong winds continu- 
ally beat down the kites and prevented the reaching of 
high altitudes. Similar winds were general above Due 
West during the week ending the 13th and above Royal 
Center at frequent intervals throughout the month, 
causing the kites to beat down. 

Following is a list of the stations reporting velocities 
of 40 m. p. s. or higher occurring during the month: 


Station. Date. | Velocity. | Direction.) Altitude. 

| p.s. ™. 
Artow, | 10 40 | NW...... 10, 200 
| 12 | 7, 500 
16 42 | NW 7, 900 
15 50 | NW...... 4, 000 
10 46 | WNW 4, 000 
21 42 | NNW 4, 500 
46 | WNW 2, 800 


The extraordinary velocity of 80 m. p. s. reported from 
Due West on the morning of the 16th demands careful 
consideration before being accepted as correct. That 
high velocities were general over this region at this time 
is shown by the following reports from surrounding 
stations: 


Station. | velocity. Direction. Altitude. 
| M. 


Furthermore, the afternoon observation at Due West 
showed a velocity of 43 m. p.s. from NW. at 2,500m. A 
two-theodolite run started immediately after the first 
observation proved unsuccessful, however, when the 
balloon was lost to view from one of the observing sta- 
tions. The weather map on this date shows this region 
to have been under the influence of a high pressure area 
central over Texas, with a deep area of low barometer off 
the Gulf of St. Lawrence. The 2,000 m. pressure map 
as drawn from surface observations by the method de- 
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scribed in MontTHLY WEATHER REVIEW SUPPLEMENT No. 
21 indicates the —- of this pressure distribution 
to this height, and pilot balloon observations at numerous 
stations on this date clearly showed the same gradient 
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TABLE 1.~-Free-air temperatures, relative humidities, and vapor pressures 


with high velocities to 4,000 m., the maximum of the | Broken  pyexel, | Due West, | Ellendale, | Groesbeck 
Arrow, N b 4 Ss Cc Dak | Cen er, 
Okla. 36m.) | (217m.) | (44m) | | 
The following note by the observer at Royal Center (233m.) | | | (225m.) 
describes an interesting phenomenon observed at that " “is | 
station on the 15th: De- De- De- | De | De- | De- 
During the second flight of a series on J 15 liar cloud | Lure | | 
uring the second flight of a series on January 15 a peculiar clou Mean | 7U'e |Mean — “Mean een 
formation was observed about 1:15 p. m. The predominating clouds 
at that time were 5 ASt from the West with here and there a detached ‘mean. mean. mean. mean. mean. | mean. 
rtion of StCu from the Northwest. As a group of three of the broken | 
StCu floated past the reel shelter it was noted that each had a fringe | 
cloud hanging from underneath similar in appearance and structure ++ —1.8 +3.8 +0.4 13. 1 
to the down streamers of a summer rain cloud. he streamers, however, 87 443-17 440, $21 12:8 +4. 7 +10 
were not as dark colored as those ofa rain cloud. No precipitation had 8.2 +41 -10 +44) 7.9 +19 9.4) 40.4) 12.2] +4.3 40.7 
occurred at any time during the day and none occurred during the 7 +8 7 +4 6.9) +33 +10 
remainder of the day. Theu per parts of the clouds were broken into 6.2428 —0.7 433 45 411 —6.9 40.6] 10.4 431 i cas 
small resembling ACu which were fe carried along 4.3 42.2) -3.0 42.3 2.2; 408 —7.5 +16) 89 +3.2 +0.1 
with the main body of the cloud and retained their relative positions 6 +} +06) es +39 
to them. Interwoven among the small clouds were wisps of other 410-113 410 00-156 41.3) 1.4 +2.9\— 
clouds having the appearance of smoke streamers or false cirrus. These 4+0.2—14.7 +0.3| —9.7| —1,2—-18, 2} +1.2| —1.4| 
also floated along with the StCu cloud. The wind velocity at an +0.6 13.2, —1.5}—20.5) +1.3) —4.3 
altitude of 1,000 meters, probably about the height of the StCu cloud 0----. —7.6 +3.0)...... 
was 20 m. Pp. s., as shown by the pilot balloon observation at 2 p. m. — eet 
These clouds retained their peculiar formation until they passed out of RELATIVE HUMIDITY (PER CENT). 
sight in an easterly direction. 
It is presumed that the phenomenon described was 03 89) +7 +? 
falling snow, evaporating before reaching the earth. The 14 
kite record made during this time shows a sharp decrease 2. 
in the relative humidity (from 90 to 37 per cent) of the air -< 85 Be 4s o +1 8-1 +3 
immediately below this cloud layer. This dryness would 5442 
aid evaporation. The fact that snow flurries occurred 
the next morning seems of further significance. “1 
Easterly winds above 4,000 m., which at this season “oo 44 
< VAPOR PRESSURE (mb.). 
Station. Altitude.) Direction. | Velocity.| Date. 
j i 
+0.62, 3.92 $0.48, 7.44140. 10, 2. 55/+0. 06} 11. 23 41.73 4. 38 +0. 32 
| Mp.s. 0. 7. 35|+0. 12 11. 04/+1.96, 3. 52'—0. 44 
16 24 5.90 +0.79 3. 56/+0. . .02| 9.51/41. 74) 2.48 —0.66 
12 29 5.4140.83 3.26/+0.44) 5.19—-0.34 2.06—0.10| 8.51/4+1.52, 2.14 —0.71 
Crissy Field, Calif... ..... 13 31 +0.64 3.104+0.43, 4.67—0.37 1.90—0.17} 7.8941. 54) 1.93 —0.65 
Fort Riley, Kans........... 4,000 | ese....... 4) 22 +0.41 2.98/+0.46 4.06'—0.52 1,820.13} 7. 44/+1.66| 1.73 —0.61 
Groesbeck, Tex. ..... 4,000 nne...... | 5 16 —0.01 2.44|+0.24 3.04 —0.66| 1.64,—0.07| 6.24/+1.54) 1. 18'—0.70 
4,400 | nne...... 4 22 —0,24 1.91/+0,06, 1.38—0.02) 5.31/+1.40) 0.95 —0.73 
5,300 nne...... 4 26 —0.22 1.55|—0.01| 1.50—0.87 1.07\—0.02| 4.40 +1.21| 0.59 —0.88 
| 29 0.41) 1,340.76, 0.57 —0.20| 3.78+1.15, 0.39,—-0.92 
4,700 | sse....... 23 0.69\—0.47, 0. 18|—0.64, 0.90.—0.75 0.90 -+0.18) 
San Francisco, Calif... 4,200 nne...... 26 31 | 0. 73} 2. 60) 
TABLE 2.—Free air, resultant winds, m. p. s. during January, 1923. 
Broken Arrow, Okla. Drexel, Nebr. | Due West, S. C. Ellendale, N. Dak. Groesbeck, Tex. Royal Center, Ind. 
(233m.) (396m. ) | (217m.) (444m.) (141m.) (223m. 
Mean. mean, Mean. Syearmean.| Mean. 2-year mean. 6-yearmean. Mean. 'S-yearmean. Mean. 5-year mean. 
| Dir. |Vel. Dir. (Vel. Dir. |Vel. Dir. Vel.) Dir. (Vel. Dir. Dir. Vel.| Dir. |Vel. Dir. [Vel Dir. |Vel. Dir. |Vel. 
Surface......'8.31° W.| 2.68.35° W.| 1.1N.86° W.! 1.2.N.86° W. 1.4/S.84° 2.8.N.8¢° W. 8/N.56° W. 2.9'S.17° W.| 2.8.N.40° 0. 51° W.| 1.88.51° W.| 2.1 
_ 8. 30° W.) 2.7/8. 31° W.| 1.3 W.| W.| W.| 3.7'N.63° W.| 0.3'8.51° W.| 1.918. 51° W.| 2.4 
S. 35° W.| 3.7/8. 26° W.| 2.3.N.85° W.| 2. 1/N.81° 2.4/8.84° W. 5.5 W...... . 8|N.58° W.| 3.3/8. 29° W.| 5.98.58° 1.3.8.57° W.| 4.1/8. 59° W.| 4.4 
8. 48° W.| 4.0/8. 32° W.) 3.3.N.88° W.| 4.2'N.75° 4.2/S.89° W., 7.4.S.89° W. 3N.64° W. 4.98. 41° 7.08.62? 2.518. 72° W.| 6.2/8. 67° W.| 6.6 
8. 58° W.| 4.6/8. 46° W.| 3.6\N.81° W.| 5.1N.75° W.| 5.5/8. 88° W.| 8.8/8. 87° W. 9|N.64° W.| 6.1.S. 46° 7.5S.62° 3.4.8.80° W.| 7.4/8. 77° W.| 7.5 
8. 74° W.| 4.9|8.61° W.| 3.9\N.79° W.| 6.5|N.75° W.| 6. 7/N.88° W.|10. 7.N.84° W. 7)N.66° W. 7.2/8. 54° 8.58. 71° 4.6 8.82° W.| 9.08. 81° W.| 8.9 
|S. 82° W.| 5.2/8. 50° W.| 4.9/N.75° W.| 8.9'N.73° W.| 8. 2\N.86° W./12.5 W.. . . 5|N.66° 7.7.8. 52° W.| 9.88. 74° W.| 5.8.8. 82° W.|10. 2/8. 85° W.|10. 0 
2,000.2... W......| 6.9|S. 73° W.| 7.0.N.74° W.|LL 2/N.73° W.|10. 5|N.82° W./15. 2|N.84° W. 8)N.67° W.10. 1/8. 64° 9.3'8. 78° W.| 7.4/8. 78° 84° W./12.0 
2,500.2... 86° W.| 8. 9)S. 82° W.| 8.6.N.81° W./14. 3,N.79° W. 12. 6|N.86° W./17. 4. N.85° W. .5|N.66° W..12. 4.8. 75° 8.4.N.88° ../14.3 
3,000.2... N.80° W.| 9. 1/N.86° W.|10. 4S. 89° W.|16. 0.N.79° W.|14. 4/S. 80° W.'16,7.N.89° W. 0|N.69° W.|14.0'S. 82° W.| 8.8'S.81° W. 9.88. 79° W.|15. 88° W.l14. 2 
3,500.0... W.... ..|10. 1N.86° W.|10. 78° W.|16. 6|N.80° W.|15. 3/S. 80° . .. 6\N.69° W.. 15. 1p. 80° W. 8.9/8. 88° W.|10. 4 8. 61° W./14. 80° W.|13. 3 
4,000. 8. 80° W.|15. 5/8. 86° W.|15. 5.8. 68° W.|17. 0|N.88° W./16. 9/S. 85° W.'15. 5,N.83° W. 5. 4|N.60° W.11.6 W...... 19. 7|S. 73° W.\17.7 
4,500... S. 79° W.|16. 9.N.83° W 9|N.52° W.|19. 0.N.74° W./12. 6/8. 80° 
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THE WEATHER ELEMENTS. 
By P. C. Day, Meteorologist, in Charge of Division. 
[Weather Bureau, Washington, March 1, 1923.] 
PRESSURE AND WINDS. 


Like the preceding December, January, 1923, was 
notable for the disturbed atmospheric conditions. 
Cyclones and anticyclones, mostly well to the northward 
of their usual tracks, moved in rapid succession across the 
country, though the cyclones were usually of little 
importance until they reached the Atlantic coast dis- 
tricts, after which they frequently developed into severe 
— as they moved northeasterly toward the Grand 

anks. 

The more important anticyelones were of the Hudson 
Bay type, and while moving into the United States to 
westward of the Great Lakes usually experienced their 
greatest development in the St. Lawrence Valley or the 
northeastern United States. 

The absence of important anticyclones that usually 
move into the United States during midwinter from the 
far Canadian Northwest was one of the marked features 
controlling the weather of the month, and the chief 
factor leading to its moderate character over much of the 
country. As a result of this absence of important anti- 
cyclones in the Northwest, the average sea-level pressure 
was below normal over the greater part of the country, 
and notably so in the far Northwest. 

In portions of the Southeastern States, and from the 
upper Lakes eastward to New England and the Canadian 
Maritime Provinces, the average pressure was somewhat 
higher than usual in January, and over small areas in the 
Southwest, and generally in California, pressure for the 
month was likewise above normal. 

The usual trend of the changes in: pressure from 
December to January was likewise greatly disturbed, and 
the increases commonly found during this month in the 

eat central valleys and northern districts of the United 

tates and throughout the Canadian Provinces were 
mainly overcome and important negative changes 
existed instead. 

Owing to the disturbed condition of the atmosphere, 
due to the frequent occurrence and rapid movement of 
—— and anticyclones, the system of winds usual to 

anuary was again greatly disturbed, as during the 
receding months. However, the winds were mainly 
rom southerly points in the Gulf States and southern 
Great Plains, and from west to northwest along the 
northern border, although in a few localities, particularly 
in the upper Missouri Valley, they were mainly from 
southerly points. In New England they were largely 
from the northwest, and that direction prevailed over 
most of the Middle Atlantic States. In the far West 
the prevailing winds were greatly diversified, as usual, 
but they were mainly outward from the region of highest 
average pressure, which embraced central California 
and the middle Plateau region. 

There was a marked absence of severe storms over 
most of the country, save in the*northeastern coast 
districts,¥where the winds attainedghigh velocities on 
several dates. High winds prevailed locally in south- 
eastern Wyoming on the 3d, attaining a maximum 
velocity of 82 miles per hour at Cheyenne, the highest 
ever observed at that station. 


TEMPERATURE. 


The outstanding feature of the weather during January, 
1923, was the almost continuously high temperatures 
that prevailed during the greater part of the month 
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over much of the country. At the same time, however, 
severe winter weather was the rule over New England 
and much of New York, which were the only localities 
having temperatures below the normal for the month save, 
in Northern California, where a small area was cooler 
than normal. 

The first decade of the month was unusually warm 
over all portions of the country, save from the lower 
Lakes northeastward to New England, where in the main 
this period was distinctly cold. In the central and 
western districts the daily averages for this period 
ranged from 6° to 15° above the normal, and the highest 
temperatures ever known in January were reported from 
southern California near the end of the decade. 

During the second decade, save for short interruptions, 
temperatures continued above normal as in the first 
decade, except that some cold weather for the region 
prevailed in California, and the averages for the decade 
were even higher than during that preceding over much 
of the interior portions of the country, ranging from 15° 
to 20° above the normal in the Great Plains and upper 
Missouri Valley. There was a sharp reaction to colder 
weather, however, about the end in the Dakotas and 
upper Mississippi Valley. Severe winter weather con- 
tinued in the Tostleetiare States throughout the decade, 
the temperatures reaching unusually low points locally 
in New England. 

The final decade of the month continued cold in 
New England, and like conditions prevailed during 
much of the period in the far West. In the districts 
from the Rocky Mountains eastward, save over the 
Northeastern States, this decade was likewise warmer 
than normal, though the departures were mainly less 
than for the preceding decades. 

The month as a whole was among the warmest of 
record for the midwinter month over large portions of 
the Great Plains and central valleys, some stations 
reporting practically every day of the month as warmer 
than normal 

The highest temperatures of the month were not 
reported from extensive areas on any particular date, 
but in the main they occurred in the far West during the 
early part of the month, while in the districts from the 
Rocky Mountains eastward they occurred generally 
toward the end of the second and near the beginning of 
the third decades, except in New England, where the 
highest temperature of the month occurred on the first. 

he lowest temperatures were likewise well scattered 
through the month, and no extensive regions had the 
lowest for the month on the same date. Freezing 
weather was reported from some portion of all the South- 
ern States, but many of the Central Valley States had no 
temperatures of zero or lower, a condition not experi- 
enced in those States during January since State-wide 
weather records began, nearly 30 years ago. 


PRECIPITATION. 


Precipitation occurred with unusual frequency, parti- 
cularly during the first half of the month, in northern 
districts west of the Continental Divide and from the 
pred Lakes eastward, as a result of the rapid passage 
of storm centers which moved eastward mainly over the 
northern districts and the adjacent parts of Canada. 
Two of the storms during the first half affected nearly 
all the districts to eastward of the Plains, the earlier 
from 7th to 10th, however, not giving much or any 
rain in the Gulf and South Atlantic districts, but the 
later, about the 13th to 15th, causing precipitation 
nearly everywhere save in the Florida Peninsula. 
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From the middle of the month onward there was con- 
siderably less precipitation than before in the far North- 
west, the most important wet period coming about the 
17th to 19th. An important storm caused much precip- 
itation from the 20th to 22d over the middle panes, 
Valley and districts to northeastward, with especially 
heavy falls over the Ohio Valley, and shortly afterward 
a vigorous storm took a more southerly course, from the 
Texas coast on the 21st northeastward to the New 
England coast on the 25th, causing decidedly heavy 
rains in many parts of the Gulf and South Atlantic 
States and more moderate rains and snows to northward. 

Meanwhile, about the 24th, California, Nevada, and 
Arizona, where the first half of the month had been dry 
for midwinter, received much rain and snow in con- 
nection with a storm which crossed the country not far 
from the fortieth parallel of latitude, and caused wide- 
spread rainfall or snowfall in the eastern half from the 
26th to 28th. Another storm caused rain from central 
Oklahoma and northeastern Texas to the Carolinas and 
southern Middle Atlantic States just before the end of 
the month, and at the same time important precipitation 
occurred again in the far Southwest. 

The precipitation for the month was abundant over 
a narrow strip from north-central Texas northeastward 
to New England, especially in Arkansas, close to and 
just south of the Ohio River, and from eastern Pennsyl- 
vania over the southern New England States and the 
coast districts of Maine. To southeastward it was 
generally less than normal, but was usually ample, save 
in the Florida Peninsula and parts of southern Georgia. 
In the Lake region and the north-central portion of the 
country the precipitation was mainly about normal or 
somewhat below. From the lower and middle Missouri 
River and the Black Hills region southwestward to the 
Mexican border in New Mexico and far western Texas 
there was decidedly little precipitation, considerable 
areas reporting none at all. Arizona and California 
had usually less than normal, the portions which are 
naturally driest being, as a rule, without precipitation 
of consequence; but other districts west of the Conti- 
nental Divide had mainly rather more precipitation than 
normal, the excess being marked between the Cascade 
Mountains and the coast. 


MONTHLY WEATHER REVIEW. 41 


SNOWFALL. 


The snowfall of January was about average in most 
higher districts of the far West, save to east and south 
of the Colorado River, and was heavy in the northern 
~——— of the Lakes region, and especially in the 

ortheast. At Portland, Me., the snowfall for the. 
month was the greatest for any month in more than 
half a century, and at New Haven the fall was the 
aaa January amount, with one exception, during a 
ike period, and the average for all the New England 
States was the greatest in the 35-year period of com- 
parative records. 


The southern New England States, southeastern New 
Hampshire, and southwestern Maine had an unusual 
accumulation at the end of the month, causing great 
hindrance to transportation. Most of New York and 
the northern portions of New Jersey and Pennsylvania 
had much greater snowfall than the average. The 
southern Middle Atlantic States had less snow than usual, 
and this was emphatically the case from northern Ohio, 
Indiana, and Illinois and southern Iowa southward, also 
in the middle Plains. 

In the Dakotas and at the lower elevations of the far 
West the snowfall was mainly light, and owing to high 
temperatures the ground was bare to a greater extent 
than usual. The high mountains, as a rule, retained a 
good stored depth and received a considerable addition, 
resulting in average or better prospects for spring and 
summer flow in the streams fed by melting snows, save 
in New Mexico and parts of Arizona and Colorado 
where the depths are small and the outlook is dis- 
couraging. 


RELATIVE HUMIDITY. 


Over most of the country the average relative humidity 
was less than normal, the deficiency ranging up to 20 
per cent or more in the Great Plains. In North Dakota 
and thence eastward to the Great Lakes there was a 

eneral excess in the percentage, and this was true over 
New England. There were likewise local areas in the 
South Atlantic and Gulf States with percentages above 
normal, as well as in the far West. 


SEVERE LOCAL STORMS. 


The table herewith contains such data as have been received concerning severe local storms that occurred during the month. A more complete statement will appear in the annual 
report of the chief of bureau.] 


Value of 
Width of Loss 
Place. Date. | Time. path | of det —— of Remarks. Authority. 
(yards).:| life. stroyed. | 
Petersburg, Va.,and vicinity.| 1 Win... , Roof of home blown off, small outhouses blown | Times-Dispatch (Richmond, 
down, and tobacco houses wrecked. Va.). 
New York City.............. Wind and rain....| Large glass sign blown down. Store window | Daily News (New York). 
| maged. 
Asheville, N. C............... 7 9:30 p.M..|.......... Thunderstorm....| Some damage to telephone lines................. Official U. 8. Weather Bu- 
| | Teau. 
| | | much damage to light and power lines. 
Fort Collins, Colo............ $3,000 |..... A half-finished house was destroyed and other Do. 
property damage reported. 
Laramie, Wyo...........-... 1 2,000 |..... | unroofed, chimney and wires blown Do. 
| | own. 
Lake Charles, La., and vicin- | 22 1 1,000,000 Tornado. ......... | Several persons injured and number of houses Daily News York); 
ity. wrecked. (Washing- 
| { on, D. C.). 
Tenn., and vi-| |............ Damage to telephone poles, wires, and timber... Official, U. 8. Weather Bu- 
A reau. 
Anniston, Ala., and vicinity..| 23 ‘(ASSES _ Wind and rain.... goes down, and traffic Star (Anniston, Ala.). 
| eld up; 2 persons injured. 
250,000 Wind and sleet....| Communication with outside points hampered; (Pensacola, Fla.); of- 
| public utilities throughout the State report ficial, U. S. Weather Bu- 
damage to power plants and wires. reau. 
Abilene, Tex. (25 milessouth-| 30 p.m...... Tornado .| Residences and outbuildings damaged | Official, U. S. Weather Bu- 
east of). (Tee Dallas Morning News 
| +). 
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STORMS AND WEATHER WARNINGS. 
By Epwarp H. Bowir, Supervising Forecaster. 


January, 1923, was notable for the large number of 
disturbances which traveled eastward over the United 
States and southern Canada and also for the rapidity of 
theirmovement. The rapid succession of Lows continued 
until near the end of the month, or to be specific, until 
the 26th, when a disturbance of the South Atlantic type 
moved up the coast, increased greatly in intensity and 
finally reached Newfoundland A te its center remained 
until the close of the month. During this time, i. e., 
the 26th to 31st, a notable retardation was noticeable in 
the speed of the cyclones and anticyclones in the United 
States. The precise cause of this retardation is not 
apparent, but seemingly it was connected in some way 
with the pressure distribution in the vicinity of Green- 
land, as reports radioed from that region showed ab- 
normally high pressure during this period. The anti- 
cyclones of the month traveled with speeds approxi- 
mating those of the cyclones, and none of these were of 
the type that normally carries extremely cold weather 
far to the southward. In fact, nearly all of them moved 
in relatively high latitudes and the cold waves of the 
month were confined to the more northern sections of the 
United States. The prominent feature of the January, 
1923, run of weather was the frequent and heavy snow- 
falls in the North Atlantic States. 


WASHINGTON FORECAST DISTRICT. 


The month opened with a belt of low pressure on the 
Atlantic seaboard, with a center of minimum pressure 
over southern Virginia. As it advanced northeastward, 
it increased decidedly in intensity and caused general 
and heavy precipitation in the Middle Atlantic and New 
England States and gales on the coast north of Delaware 
Bay. The highest velocity reported was 64 miles from 
the southeast at Atlantic City, N. J. Following this 
disturbance, others of more or less marked intensity 
passed eastward over the Washington District and storm 
warnings were displayed for them as follows: On the 
3d at and between Delaware Breakwater and Eastport, 
Me.; on the 7th on the Atlantic coast north of Cape Fear, 
N. C., and on the 8th warnings were continued on the 
New England coast at and north of New Haven, Conn.; 
on the 10th at and between Delaware Breakwater and 
Provincetown, Mass.; on the 11th at and north of the 
Virginia Capes and for the same coastal region on the 
14th and 18th; on the 20th at and north of Sandy Hook, 
N. J.; on the 23d from Savannah, Ga., to the Virginia 
Capes and on the 24th for the same storm the warnings 
were extended northward to Eastport, Me., and conti- 
nued for the same storm on the 25th for the coastal 
waters from Sandy Hook northward. This record of 
necessary storm advices indicates the frequency of storm 
winds during January on the Atlantic coast, for in prac- 
tically every instance winds of gale force and, not infre- 
quently, snows accompanied the disturbances for which 
warnings were issued. 

Warnings of frost were issued on a number of days for 
the South Atlantic and Gulf States, but these regions did 
not receive the cold weather that normally is to be 
expected in January. Cold wave movin were issued 
on a number of days for the Mississippi and Ohio Valleys, 
the lower Lake region and the North Atlantic States, but 
as a matter of fact, the only pronounced cold waves of 
the month in the Washington Forecast District occurred 
in the Atlantic States north of Maryland and in the lower 
Lake region and these were accurately forecast. 
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The usual amount of forecast and other information 
was issued for the aid of aviation activities. A notable 
part of this work was the issue of forecasts and informa- 
tion for a considerable number of seaplanes bound from 
Hampton Roads, Va., to southern waters. This work 
was done in cooperation with the United States Navy. 


CHICAGO FORECAST DISTRICT. 


Except in the northern upper Lake region, January, 
1923, was not so cold as usual in the Chicago Forecast 
District. In fact, over the southern half of the district 
the month was especially mild, temperatures averaging 
from 6° to 10° a day above the normal. Frequent pre- 
cipitation occurred in the Lake region, where scarcely a 
day passed without some rain or snow being reported; 
while on the other hand, the weather was exceptionally 
dry in the Middle Plains States. In southwestern Kan- 
sas the lack of moisture was so pronounced that at the 
close of the month a great deal of ungerminated wheat 
was still lying in the dust where it has been sown. 

Cold-wave warnings. —No general cold-wave warnings 
were issued during the month, nor were any warnings of 
this scope required. Except in one instance all warnings 
were for areas in the northern half of the district, and 
these were, as a rule, rather limited as to the extent of 
territory included. Most of the warnings issued were 
verified in whole or in part, but in a few cases cold waves 
occurred without warning. This was especially true in 
the Red River of the North Valley and adjacent territory, 
where the number of cold waves occurring appears to 
have been about as large as usual. The following is a 
summary of the cold-wave warnings issued: 

2d: Northwestern. Wisconsin and vicinity of Lake 
Superior in Minnesota. 

3d: North Dakota and northwestern Minnesota. 

4th: Northern Minnesota. 

5th: Upper Michigan, northern lower Michigan, eastern 
and southern Wisconsin, Missouri, southern and western 
Illinois, and southern and eastern Iowa. 

16th: Extreme northern lower Michigan. 

17th: Northeastern Montana, North Dakota, and 
northern Minnesota. 

18th: Minnesota, eastern South Dakota, upper Michi- 
gan, lower Michigan, and Wisconsin. 

24th: Wisconsin and extreme eastern Minnesota. 

28th: Montana, North Dakota, extreme western South 
Dakota, and Wyoming. 

29th: Southern Wyoming, southern and central Min- 
nesota, and eastern South Dakota. 

30th: Minnesota, western upper Michigan, and north- 
western Wisconsin. 

Stock warnings.—The month was especially favorable 
for live stock in the grazing sections of the Plains States 
and no losses are known to have occurred as a result of 
adverse weather conditions. The only warning issued 
was that on the 29th for South Dakota, Nebraska, and 
Wyoming. 

Advisory warnings for Lake Michigan.—No storms of 
severity affected Lake Michigan during the month, navi- 

ation having been carried on under more favorable con- 
itions than ordinarily is the case in January. In fact, 
an unusual volume of business was reported as a result 
of the prevailing mild weather and absence of storms. 
Advisory warnings were issued on the 6th, 11th, 13th, 
17th, 18th, and 23d, but only on the 18th were winds 
of gale force forecast. 
instances of the appreciation of the press in the 
efforts of this office toward cooperation the following 
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Janvary, 1928. 


uoted letters have been received by Professor Cox. 
The first is from the superintendent of the central divi- 
sion of the Associated Press, and the other from the 
managing editor of the Chicago Herald and Examiner. 

1. I wish to express my appreciation for the splendid cooperation 
that we receive from you and the men attached to your bureau. We 
appreciate not only the prompt service on the regular and the special 
weather reports, but also the telephone calls on earthquake records 
and warnings of important weather changes. 

2, Thank you very much for your kind letter of January 26, relative 
to service on weather forecasts for the press. We always knew you 
were a true friend of the newspapers, as you have proved yourself 
innumerable times in the past. 

—C. A. Donnel. 


NEW ORLEANS FORECAST DISTRICT. 


The weather over this district was exceptionally mild 
for the month of January. A cold-wave warning was 
issued for Oklahoma and northwestern Arkansas at 
2 p. m. of the 5th and later extended over the remainder 
of Arkansas. The cold wave occurred as forecast over 
Oklahoma and northwestern Arkansas. Noon-special 
observations, January 22, showed a depression over 
southern Louisiana and a rapid rise in the barometer 
over the southern Plains States and Texas. Cold-wave 
warnings were ordered at 1 p. m. of the 22d for southern 
Texas and southern Louisiana. Verifying temperatures 
were not reached. Cold-wave warnings were ordered for 
Oklahoma and the Texas Panhandle on the 31st, and 
they were justified. 

Live-stock warnings were issued for the northern por- 
tion of the district on the 5th, 14th, and 22d. a. 
weather warnings were issued on the 5th. ‘‘Norther”’ 
warnl were issued for Tampico, Mexico, on the 
22d.—/. M. Cline. 


DENVER FORECAST DISTRICT. 


From the ist to the 11th, generally high pressures pre- 
vailed west of the Continental Divide, with Lows from 
the north Pacific passing to the northward of the district. 
A Low which appeared on the Southern Plateau on the 
12th advanced northeastward across Colorado, attended 
by occasional light snow in the northern portions of this 
State and Utah. High pressures soeeaitel west of the 
Divide from the 14th to the 19th. On the morning of 
the 14th, when the crest of the HIGH was over Utah and 
moving southeastward, warning of a moderate cold wave 
was issued for extreme southeastern New Mexico. On 
the following morning the minimum temperatures at 
Roswell and Abilene were 28° and 30°, the 24-hour falls 
at those stations, 14° and 22°, respectively. 

A storm of decided intensity appeared on the coast 
of northern California on the morning of the 22d and 
advanced slowly to southeastern Colorado and _ north- 
western Texas, where it recurved to the northeastward 
on the 26th. This disturbance was accompanied by 
precipitation in about all portions of the district except 
southern New Mexico, with heavy snow in northwestern 
and extreme southeastern Utah and in portions of north- 
eastern Arizona and southwestern Colorado. 

Another storm of marked energy advanced southward 
from Alaska during the 27th and 28th and was central 
over southwestern Utah on the evening of the latter 
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date. On the morning of the 29th the disturbance had 
increased in intensity and extended eastward to Kansas, 
but with its center remaining over southern Utah, while 
a HIGH of great intensity, attended by severely cold 
weather, was central on the northeastern Rocky Moun- 
tain slope. Warnings of a moderate cold wave and 
live-stock warnings were issued for eastern and extreme 
northwestern Colorado and southern Utah. Warnings 
of a moderate cold wave were repeated on the evening of 
the 29th for northern and eastern Colorado and south- 
eastern Utah. The cold-wave warnings were justified 
in eastern Colorado, but as the storm center remained 
nearly stationary over southern Utah, there was little 
fall in temperature wast of the Divide. Only light snow 
occurred in northeastern Colorado, Utah, and northern 
Arizona. Cold-wave warnings were repeated for south- 
western Utah on the morning of the 31st. The storm 
center failed to move, however, and the warning was only 
partially verified, the fall in temperature at Modena 
amounting to 12°, with a minimum of 16°. 

Frost warnings were issued for southern Arizona on 
the 1st and 2d and for extreme southwestern Arizona on 
the 3d, 27th, 28th, 30th, and 31st. Warnings of freez- 
ing temperature were issued for south-central and south- 


‘eastern Arizona on the 2d and 27th and for southeastern 


Arizona on the 3d. With the exception of the 31st, the 
warnings were justified.—J. M. Sherrier. 


SAN FRANCISCO FORECAST DISTRICT. 


The outstanding factor of weather control in this dis- 
trict during January, 1923, was the shifting of the Pacific 
HIGH from California and the Plateau to British Colum- 
bia and the adjacent North Pacific. During the first 
part of the month an area of high pressure was central 
over California and the Plateau which caused storms from 
the North Pacific to move inland through British Colum- 
bia. On the 15th, a change in the pressure distribution 
began, the high area moving to British Columbia and the 
adjacent Pacific while the pressure diminished to normal 
or below over Calfiornia and the Plateau. This caused 
storms moveing southeastward from Alaska to pass to 
the west of the high area in the north and enter the con- 
tinent through the North Pacific States. 

Conformable to a pressure distribution as described 
the first part of the month was “wet”’ in the northern 
portion of this district and “dry” in the southern and 
the latter part of the month “wet” in the southern por- 
tion and comparatively “dry” in the northern. 

A warm wave prevailed over southern California on 
the 8th and 9th, and January records of high temperature 
were broken at Los Angeles on the 8th, while on the 9th 
od were broken at San Diego and equaled at San Luis 

ispo. 

Frost warnings were issued in California on 14 days, 
and while severe frosts occured at many places, no serious 
damage was reported. 

Storm warnings were ordered as follows: At Washing- 
ton and Oregon stations, 4 times; at the mouth of the 
Columbia River, Strait of Fuca, and Washington coast, 
5 times; on the California coast, 4 times. The warnings 
were generally verified. 

On the 15th, 16th, 17th, and 18th strong 
reported from many ships in the Pacific. —@. 
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RIVERS AND FLOODsS. 


By H. C. FraNKENFIELD, Meteorologist. 


The principal flood of the month was in the Willamette 
Valley, and it proved to be the most disastrous one since 
the great flood of February, 1890. True, the water at 
Portland, Oreg., was higher in June, 1894, but this flood 
was caused by back water from the Columbia River and 
the rise was gradual, while the rise in January, 1923, was 
rapid and the current swift. 

Precipitation was more frequent than usual over west- 
ern Oregon during December, 1923, and was about 50 
per cent in excess of the normal quantity, with a moder- 
ate amount of snow in the Cascade Mountains at the end 
of the month. All streams, which had been unusually 
low during the fall, were rising. Moderately heavy rains 
fell during the first four days of January, 1923, and 
heavy rains on January 5 and 6, accompanied by south- 
west winds and abnormally high temperatures. The 
total precipitation at selected stations for the first seven 
days of January is given in the following table: 


Inches. 


All the rivers of western Oregon were in flood, and the 
data are given in the table of flood stages. So far as is 
known no previous records were exceeded, except pos- 
sibly on the Clackamas River. 

The crest stage of 25.3 feet at Portland, Oreg., on Jan- 
uary 7, was 3.4 feet below the crest of February 5, 1890, 
and 7.7 feet below that of June 7, 1894. 

At Vancouver, Wash., the Columbia River was above 
the flood stage of 15 feet from January 7 to 12, inclusive, 
with a crest stage of 19 feet on January 10. This rise 
was due almost entirely to back water from the Willa- 
mette flood. 

Flood warnings were issued on January 6, and daily 
thereafter until the water subsided. 

The total loss and damage reported was $171,702, of 
which $125,112 was in buildings, etc. Crop losses were 
small, but suspension of business caused a loss of $37,310. 
The value of property reported as saved by the warnings 
was $133,050. The Southern Pacific Railroad Co., was 
the ——— loser on account of damage to bridges and 
tracks. 

Moderately high water prevailed in the Santee River 
of South Carolina throughout the month, but there was 
no damage of consequence. The heavy rains of January 
22, also caused moderate floods in the Oconee and Oc- 
mulgee Rivers of Georgia, but an ice storm interupted 
communication, delaying the receipt of reports and the 
issue of warnings. However the warnings were in time 
to prevent damage. 

Moderate flood stages also prevailed in the Apalachicola 
River of Florida a few days later. 

The floods in the Black Warrior and lower Tombigbee 
Rivers of Alabama, and in the Pearl River at Jackson, 
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Miss., were likewise unimportant. They were properly 
forecast, and no damage was reported. 

The Ohio River, between Evansville, Ind., and Hen- 
derson, Ky., reached the flood stages of 35 and 33 feet, 
respectively, on January 30, and the river continued to 
rise at the close of the month. Warnings were first is- 
sued on January 27. 

Green River of Kentucky responded quickly to the 
rains of January 20 and 24, and was generally in flood, 
beginning with January 23. At Lock 4, Wasdthurs 
Ky., the crest stage of 41.3 feet on January 26, was 8.3 
feet above the flood stage, while at Lock No. 2, Rumsey, 
Ky., the crest of 39 feet was 5 feet above the flood stage. 
Warnings were first issued on January 22, and there was 
no damage of consequence. 

Snowfall.—At the close of the month the depth of 
snow over the drainage area of the Connecticut River 
ranged from 16 to 40 inches with an average of about 25 
inches. The maximum depth of 40 inches was reported 
at Bellows Falls, Vt., and the minimum of 16 inches near 
headwaters. Approximately similar conditions prevailed 
over the Hudson River drainage area, while over the 
upper Susquehanna district the amount of accumulated 
snow was about one-third less. There were also several 
inches of snow over the mountain tributary districts of 
the upper Ohio River. 

Notrs.—The following changes were made, effective 
January 1, 1923: 

Louisville, Ky.: Lower gage readings discontinued 
December 31, 1922, and readings from new gage, about 
75 feet below, begun on January 1, 1923. Phe zero of 
the new gage is 4.1 feet lower than that of the old gage. 

New Giese, La.: Readings from Weather Bureau 
gage at foot of Canal Street, discontinued December 
31, 1922, and readings of the United States engineer 
gage at Carrollton, 74 miles above, begun on January 


1,1923. Relations between the two gages are as follows: 
Canal Street. Carrollton. 
From— 


The river district of Asheville, N. C., was abolished on 
December 31, 1922, and the territory thereof absorbed in 
the Knoxville, Tenn., district, which now comprises the 
entire drainage area of the Tennessee River above Knox- 
ville, Tenn. 
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January, 19238. 
Flood stages during January, 1928. 
Above flood 
Flooa | Crest. 
River and station. stage. 
From—| To— | Stage.| Date. 
ATLANTIC DRAINAGE. 

antee: Feet. Feet. 

12 3 8 13.2 5-6 
12 12 12 12.4 12 
12 26 30 13.1 29 

12 4 14 12.9 8 

Oconee: 
Milledgeville, Ga.................-.000- 22 24 25 23.2 25 
Oemulgee: 
EAST GULF DRAINAGE. 
Apalachicola: 
River Junction, Fla.................... | 12 27 27) 12.1 27 
Blountstown, 26 16.5 27 
Tombigbee: | 
Lock No. 4, Demopolis, Ala............ 39 25 Q) 47.1 29 
Black Warrior: | 
m far No. 10, Tuscaloosa, Ala..........- | 46 24 25| 47.0 24 
earl: 

ee 20 25) (2) 22.5 30 

MISSISSIPPI DRAINAGE. 

Ohio: | 
i 35 30 36.2 31 
33 30 1) 33.5 31 

Green: 

30 24 26 31.7 25 

ack: 

14 31 @) | 16.0 31 
Cache: 
Sulphur: 
Ringo Crossing, TeX... 20 31 31 20.1 31 
COLUMBIA BASIN DRAINAGE. | 
Columbia: | 
15 7 12 19.0 10 
Willamette: | 

10 1| 1 11.2 1 

Ona Olty, | 12 2 | 13| 19.2 9 

McKenzie: 
Hendricks Bridge, Oreg..............-., 14 7 | 7 14.4 7 
Santiam: 

amhill: 

McMinnville, Oreg................2.--4] 35 6 | 10 43.1 7 

Clackamas: | | 
PORK, | 12 5 11 | 223.5 7 
1 Continued into February. 


2 Said to have been higher. 


MEAN LAKE LEVELS DURING DECEMBER, 1922. 
By Unrrep States Lake Survey. 
(Detroit, Mich., January 6, 1923.] 


The following data are reported in the ‘Notice to 
Mariners”’ of the above date: 


Lakes.* 
Data. | 
Superior. an | Erie Ontario. 
Huron. | 

Mean level during December, 1922: Feet. Feet ‘eet. Feet. 
Above mean sea level at New York...... 602. 08 579.15 | 571.13 244. 64 
Above or below— 

Mean stage of November, 1922....... —0, 27 —0.39  —0.28 —0. 51 

Mean stage of December, 1921........ +0. 09 —0.39, —0.58 —0.19 

Average stage for December, last 10 

—0.30; -—1.02 -—0.70 —0. 89 
ghest recorded December stage....,; —1.06 —3.43 —2.40 —2. 97 

Lowest recorded December ---| +0.15  +0,27 +1.21 

Average relation of the December level to— | 
—0.20, -—0.20 —0. 20 


* Lake St. Clair’s level: In December, 574.12 feet. 
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MEAN LAKE LEVELS DURING JANUARY, 1923. 
By Unirep States Lake Survey. 
(Detroit, Mich., February 5, 1923. 


The following data are reported in the ‘Notice to 
Mariners”’ of the above date: 


Lakes.* 


| 
Superior.; Erie. | Ontario. 
uron, | 
Mean level during January, 1923: Feet. | Feet. Feet. Feet. 
bove mean sea level at New York...... 601.86 579.02 571.17 244. 50 
Above or below— | 
Mean stage of December, 1922........ —0.22' -—0.13  +0.04 | —0. 14 
Mean stage of January, 1922.......... +0.27; —0.29 | —0.33 —0. 23 
Average stage for January, last 10 | } 
Highest recorded January stage...... —0. 92 —3. 65 —2. 38 | —3. 10 
Lowest recorded January stage... ... +0. 98 +0,21 | +0. 70 
Average relation of the January level to— | | 
—0.10 | 0. 00 | +0. 10 
*Lake St. Clair’s level: In January, 573.70 feet. 
EFFECT OF WEATHER ON CROPS AND FARMING 


OPERATIONS: JANUARY, 1923. 
By J. WarreEN Smita, Meteorologist. 


January, 1923, was unusually favorable for outdoor 
operations in nearly all sections of the country as the 
weather was generally mild for the season except in the 
more Northeastern States. It was especially warm 
throughout the month in the central trans-Mississippi 
States and lower Great Plains where the monthly mean 
pe ke were 10° or more above normal. Consid- 
erable rain fell from the lower Mississippi Valley north- 
eastward and precipitation was slightly above normal in 
the extreme upper Mississippi Valley, the northwestern 
Lake region, the central Plateau districts of the West, and 
along the north Pacific coast. Rainfall was very light in 
the extreme Southeast and in the southern Great Plains, 
considerable sections of the latter area receiving practi- 
cally none. Heavy snowfall occurred in the central 
Plateau districts, and the Northeast from northern 
Pennsylvania and northern New Jersey northeastward. 

Wheat fields were bare of snow throughout the month 
in the a winter wheat belt, except for a light 
covering in the northern portion. Owing to continued 
mild weather, however, wheat suffered no material 
damage and remained in satisfactory condition, except 
where drought persisted in the western portion of the 
belt. The crop was in uncertain condition in western 
Kansas, as much of it had not come up and deterioration 
was reported in central and western Oklahoma and 
northwestern Texas because of lack of moisture. The 
snowfall was beneficial for winter grains in the central 
Plateau districts of the west and in the far Northwest, 
while the fields were amply protected by snow in the more 
northern States. Conditions were generally favorable 
for winter grains in the south Atlantic and east Gulf 
districts. Some spring oats were seeded as far north as 
southeastern Kansas near the close of the month. 

The weather was favorable for the growth of truck 
crops in California and the Gulf coast sections, except 
that there was a lack of moisture in parts of Texas. 
Some frost damage occurred locally in the interior of 
Florida on the 17th, and part of the month was rather 


too we 4 for truck in portions of that State. Conditions 
were favorable for handling and marketing tobacco in 
the Ohio Valley and South Atlantic States. At the close 
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of the month potatoes were coming up in the Hastings 
district of Florida and potatoes and early vegetables were 
being planted as far north as Arkansas. 

The unusually mild weather produced conditions 
favorable for stock quite generally but at the same time 
there was a continued lack of moisture for ranges from 
eastern Colorado and western Kansas southward. There 
was enough moisture the latter part of the month to 


benefit ranges in southern New Mexico and the rain and 
heavy snow at higher altitudes were helpful in northern 
Arizona. The deep snow caused heavy feeding in Nevada. 

The weather was generally favorable for fruit and 
there was no material frost damage. Peach trees were 
blooming in southern Texas at the close of the month 
and colder weather was needed in southern districts to 
check premature development. 


CLIMATOLOGICAL TABLES.' 
CONDENSED CLIMATOLOGICAL SUMMARY. 


In the following table are given for the various sections of the climatological service of the Weather Bureau 
the monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, 
with dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated 


by the several headings. 


The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 

the greatest and least monthly amounts are found by using all trustworthy records available. 
he mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 


stations. 
Condensed climatological summary of temperature and precipitation by sections, January, 1923. 
Temperature. Precipitation. 
| | g Monthly extremes. | Greatest monthly. Least monthly. 
In In. In. In 
81 21 | 2etations........... 3.99 | —0.89 | Fayette............. 6.51 | Tuskegee............ 1.37 
0.66 | —0.74 | Fort Valley......... 2.59 | 4stations...........| 0.00 
Portland...... 80 14. Evening Shade 5.78 | +1.55 | Texarkana.......... 9.71 | Booneville.......... 1,75 
Riverside. . . 94 8 | Madeline........ 3.39 | —2.10 | Crescent City.......| 12.46 | 2stations........... 0.00 
Canon City..........| 79 18 | 2stations... 0.51 | —0.43 | Crested Butte. --| 3.04 | 16 stations........ 0. 00 
Orlando....... i 29  Garniers.... 1.75 | —1.05 | Fenholloway.. 6.09 Homestead. 0. 08 
4stations........... 4.01 | +0.07 | Marshallville. . 7.41 | St. Georges. 0.62 
28.3 | +4.4 | Lewiston............ 61 2.56 | +0.36 | Wallace....... 10.00 | Murphy.... 0. 38 
33.8 | +7.3 | Carbondale.......... 70 7.01 | Beardstown... 0. 57 
xe 33.8 | +5.2 | 2stations........... 64 | 920 2.93 | | Rome............... 0. 60 
26.7 | +8.8 |..... G0. | 28 || 0.85 | —0.20 | Guthrie Center...... 2.34 | Thurman........... T. 
38.5 | +86 |..... 79 | 5 | 0.13 | —0.55 | Pittsburg........... 1.99 | 19stations..........] 0.00 
Kentucky ............ 41.0 | +5.8 |..... | il 17 || 6.11 | +4.72 | Bowling Green...... 3.99 
58.0 | +6.8 | 6stations........... 62} 213 Minden............. | 25| 21 || 4.21 | —0.34 | Lakeside............ 1.15 
Maryland-Delaware ..| 34.8 +2.3 | Cambridge, Md..... 68 21 | Oakland, Md........, 0 17 || 4.20 | +0.92 | Grantsville, Md..... 6.14 | Keedysville, Md....} 2.49 
Michigan............. 21.3 +1.8| Houghton Lake... .- 49| 18| |— 23 || 1.82 | —0.10 | Grand Marais....... 6.56 | Mount Clemens..... 0. 55 
a, EE: 12.5 | +4.6 | 2stations........... 49; %6)| Warroad............ \—39 5 || 0.97 2.48 | Crookston........... 0. 09 
53.3 | +6.5 | Waynesboro........ | 23 1 || 4.47 6.53 | Fruitland Park.....) 1.73 
39.2 | +8.5 | Hollister............ 75 18 | Bethany (2)......... 26 || 2.72 7.05 | 0.12 
Montana....... -| 25.4 +6.3.| Roundup... | |—31 | 230 || 1.20 7.50 | 4stations...........| T. 
Nebraska. ...... --| 31.2 | Purdum 72 — 8| 227 || 0.35 do.. 
Nevada...............] 33.8 | +3.8 | Las Vegas... 7 14 | Rye Patch.... 0. 82 2.11 | 0.07 
New England........) 18.3 | —2.6 | 3stations........... 55 1 | Pittsburg, N 5. 56 8.97 | Burlington, Vt 2.42 
New Jersey........... 30.1 | +0.2 | Long Branch........ 66 Le eee 5. 22 ..| 7.26) Pleasantville... 3.41 
New Mexico.......... 38.8 | +4.8] Artesia.............. 82 eee || 0.33 | —0.32 | Batemans Ranch...! 1.82 | 40 stations.... -| 0.00 
23.7 | ~2.2 Setations........... 54 | Indian Lake........| | 4.39 | +1.43 | Scarsdale............ 1. 54 
North Carolina. ...... | 44.0 | +2.8 Smithfield.......... 78 3.77 | —0.07 | Bryson City......... 0. 96 
North Dakota........ | 10.1 | +5.2 | Hettinger........... 56 Ake 0.53 | —0.01 | Forman............. 0. 00 
64 21) Milfordton.......... 3.46 | +0.44 | Green..............- 6.17 | Bowling Green...... 1.39 
Oklahoma............ | 47.5 | +9.1 | Woodward.......... 83 2.00 | +0.80 | Muskogee........... 0. 00 
| 36.3 | +3.0 | Pilot Rock.......... 76 6.08 | +1.65 | Cascade Locks. ..... 0. 29 
Pennsylvania........./ 29.1 | +1.2 | Mareus Hook....... a “Eee 4.26 | +0.82 | Elk Lick............ 7.74 | Ansonia............. 1.91 
Porto Rico. .......... | 72.4 | —0.8 | Utuado............. 93 | 29) Aibonito............ 2.81 | —0. Comerio Falls....... 6.70 | 2stations........... 0. 00 
49.0 | +3.6 | 3stations........... 80 | 221 | Santuck............. 2.74 | —0.72 | Gaston Shoals....... 4.77 | St. George..........| 0.87 
122.2 | 66 0.49 | —0.05 | Waters Ranch...... 2. 2 stations........... 0. 05 
-, 56.4 | +8.0 | 2 stations. . 1.88 | +0.13 | Mount Pleasant..... 11.30 | 13 stations..........| 0.00 
31.6 +5.7 | Springdale 70 | 29] Pine View 1.42 | —v.07 | Park City........... 6. 29 T. 
38.7 |.+2.6 | Cape Henry... oA oe 21 | Mount Weather..... | 3.55 Agee Langley Field 1.57 
gt | 34.6 44.4 Quilcene...... .-.| 69 16 | Snyders Ranch. . | 6.96 Wahluke...... 0.18 
West Virginia........ 35.2 | +3.0 | 2stations........... 68 | 27 | Cheat Bridge........ | 4.46 Upper Tract. . 1.13 
Wisconsin ............ | 18.2 | +4.3  Sheboygan.......... 47 18 | 3stations........... | 1.38 Mondovi..... 0.47 
i. ee 25.5 | +5.8 | Echeta.............. 67] 17 | 2stations........... | 0.73 4stations...........| 0.00 
Porto Rico*.......... | 74.0 | —0.6 | San German........ | 8.83 0.15 
| | 
1 For description of tables and charts, see REVIEW, July, 1922, pp. 384-385. 3 Other dates also. * Late report, December, 1922. 
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Temperature of the air. 
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TaBLE 1.—Climatological data for Weather Bureau stations, January, 1923. 
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Districts and stations. 


y.. 


New England. 


Middle Atlantic States. 


Scranton. 


a 


> 


East Gulf States. 


Key West............. 
Sand Key............. 
Tampa...... 


Miami.... 


| | | 
| | 
| | | 
| 
67| 20.89) 20. —.02 ne. 8} 10) 15) 
Greenville, _|1,070| 6]....| 28.81) 30... 10] 15 
Portland, Me. ....| 103} 82) 117] 29.92) 00 27| —3 _ 38] nw. 16) 
Concord....... 288} 70} 79) 29.71) 30. .01 28 3)| nw. 11 13 
404) 11) 48) 29.62) 30. .05 7 3) 2.42] +0.6] 13] 68] s. 7 18 
Northfield... ....| 876) 12 29.09] 30. 2) 23|-25| 7/—2| 52] 10, 8| 86] 3.41] +0.9] 13] 40} s. 6| 19 
125] 115] 188) 29, 89] 30. 02| 34] 18} 20} 24) 18) 6.07] +2.2) 16 42 ne. 18 
14| 90) 29.99) 30. | 37} 13| 30| 22] 29] +1.3] 16 63) ne. 20) 
Block Island. 26} 11) 46) 29.99) 30. 05) 36] 13) 30} 23) 28) 28) 25) 80) 5.43) +1.6) 14 58] nw. 6 18 
Providence. . ....| 160] 215] 251| 29.85] 30. .02 33} 5] 18] 18} 36} 18) 72] 6.55] +2.2) 16/11,071/ nw. | 54| nw. 13 
159] 122} 140] 29. 88) 30. 32} 18] 17} 39] 22} 17| 7.77] +3.9} 17] 5,671) nw. | 39] nw. 20 
New Haven... ....| 106] 153) 29.94) 30. 34, 3] 18] 20} 36] 24) 19] 73| 7.80] +3.9] 14] 7,782| ne. | 34] n. 9| 
Albany. ..... 97| 102] 115} 29.99] 30. 1m +.03 46} 1| 28} —6] 31] 1 18} 15) 82} 4.65) +2.1] 16] 6,033] nw. | s. 18 
Binghamton 29.08) 3 —. 04 44) 1| 31/—11] 31] 15 ...|....| 3.48] +1.5] 18] 4,922] nw. | 24] nw. 24 
New York. .. 314) 414| 454) 29.71) 30 —. 03 53| 1) 38| 10) 18| 24 69} 5.97) +2.2| 15/14, 756] nw. | 70| nw. 16] 
Harrisburg. .. 374| 94| 104) 29.69) 3 +.01 47| 1| 37} 13] 26 23 73 4} +0.3] 12] 5,799] w. o| nw. 5| 22 
Philadelphia. 117} 123} 190) 29.97| 3 —.01 59} 21) 40} 14] 18] 28 68| +1.4) 12] 8,391) nw. | 34] nw. 4|\ 18 
325] 81] 98) 29.72! 3| 37| 12] 31] 26 25) 76| 0.0) 15) 5,333| nw. | 36] nw. 5| 19 
805] 111} 119] 29.19] 34 00 49} 33} 31) 20 22) 81 +1.4] 17| 5,263] nw. | 31] w. 4| 22 
Atlantic Cit 52| 172| 30.02| 30m —.03 53| 42| 15] 17| 29 29| 77 +0.7| 11/14,792| nw. | 72| se. 6 
Cape May.... 18} 13} 49} 30.10) 3 55| 21) 41} 16! 18] 30 30} 79 +0.1} 11 7,480] nw. | s. 7| 
Sand Hook. 22} 10) 55) 30.04) 3 54] 21) 36) 15) 18) 26 24) 73 14/13, 583) nw. | 50] ne. 
Trenton...... 190| 159} 183] 29.86| 56| 21| 38} 11] 17] 25 23} 73| +1.0) 12) 9,264) pw. | 44] nw. 5| 
Baltumore. . 123| 100} 113] 29.97) 3 —.02 64| 21| 43] 20) 17) 30 27| 69 4} +0.9] 13] 4,732) nw. | 21) w. 4| 
Washington... 112} 85] 29.98 —.02 65| 21| 43) 19] 17] 30 26} 68) #24! +0.9) 12) 6,052} nw. | 35] nw. 5 
Lynchburg... 681| 153} 188} 29.35] 3 —.01 65| 21] 49} 19] 11) 31 28] 2.25) —1.5| 12) 6,448) nw. | 37| sw. 0 
orfolk...... 91| 170} 205) 30. 02| 3 —.01 72| 21) 52| 23] 17| 36 33} 72| 1.74] —1.6] 9/11,226] ne. | 48] w. | 16 7 
Richmond. .. 144| 11] 52) 29.96) 3412) —.01 68} 21} 49} 21! 11) 31 31] 75| 4.61] +1.6| 13] 5,856) ne. | 37| sw. | 14 9 
Wytheville. - 2,304| 49} 55| 27.68) 33) —.07 | 60) 21) 44) 17| 29 27| 75| 3.07] —1.2) 16] 5,728) w. | 29) mw. | 15 8 
South Atlantic States. 
Asheville...... 27.73| 30.15| mms! + 34| nw. 1} 6.1) 
Charlotte... 29. 30.14) —.01] + 30) w. 2] 5.9 
Hatteras. ..... | 30.10} 30.11} —.03| + 44] n. 0| 5.3 
Raleigh.......| 29. 72) 30.14) +.01 0} + | 3] 6.3} 
Wilmington... | 30. 07| 30. 16] +. 02} + 32] ne. 7| 4.2 
Charleston. . | 30. 10} 30.15] .00! + 44) ne. 7| 4.7 
Columbia, S.C. 29.77] 30.16} +.01| + 28] ne. 4.5 
Due West...... 29.38} 30.17)......| JO)... 34] nw. 1] 5.3] 
3 Greenville, S. 29.01) 30.12)...... 6}... 42| nw. | 3) 5.5 
Augusta... ...., 29.95] 30.15} —.01| + 27| nw. 8| 4.9 
Savannah... | 30. 09) 30. 16] +.01) 6) + 44) nw. 6) 4.2 
Jacksonville. . . 30. 12) 30.17) +.02 2| + 39) sw. 7| 4.0 eet 
Florida peninsula. 3.6 
22} 10} 30.10) 30.12} +. 02) 70.5 tidal 11| 65} 14) 65] 64} 86] 0.35| —1.6| 5] 6,927) ne. | 37| w. 9| 20} 10} 1/ 2.9} 0.0) 0.0 
25| 71| 79| 30.13) 30.16)......| 68.8) +1.5 9| 75| 17| 62} 25) 62| 59] 76] 0.21) 5] 6,011/ e. 25] n. 16| 12} 17} 2} 4.1) 0.0] 0.0 
23} 39) 72] 30.12| 30.15] +.05| 70.8)..... 68} 11] 65| 75) 0.27)......|  4{11,193] ne. | ne. | 16] 19] 11) 1) 3.2) 0.0 
35| 30.13] 30.17) +. 05] 63.0} +2.9] 1] 31| 43] 11] 55| 25] 56] 53] 78) 0.90} —1.9| 3,936 e. 21) nw. | 9} 16} 9} 6/ 4.3) 0.0) 0.0 
77| 3.48) —1.5 4.9) 
......|1, 174] 190} 216] 28. 89 .00 57 44) 78] 1.94) —3.4| 11] 9,680] nw. | 48) nw. | 14] 5) 5,1) 0.1/0. 
Macon... .. 370] 29.76] 3 00 62 44) 39) 3.71) —1.5] 9] 4,788] mw. | 25) ne. | 7| 0.0) 0. 
273} 49| 58] 29.87, 30M +.01 50} 46) 77| 3.94) —0.2! 7| 3,441] sw. | 21] w. 9| 10| 417) 0.0) 0. 
Apalachicol 36] 42! 49] 30.13] 54) 51) 83] 3.80)......| 4,932] se. | 27) nw. | 9| 19} 6) 0.0) 0. 
Pensacola... ......| 149] 185| 30. 10| 3 +.02 55| 52} 82| 3.07} —1.0} 6| 9,371 45] 8. 23| 11) 10) | 0.0) 0. 
Anniston... ......| 741] 57| 29.36] 3 +.02 | 2.84] —2.5] 8] 4,914] nw. | 36) e. 23} 10) 12| 513) 0.0) 0. 
Birmingham ......| 700} 11| 48) 29.39] 3 +.01 39) 69) 3.82/ —1.5| 10] 6,174] s. 29) e. 23/ 14) 7 4 8| 0.0) 0. 
125] 161] 30.09] 34mm .00 | 4 53} 50} 2.65] —2.2} 7,037| se. | 32] n. 15| 15| 592) 0.0) 0. 
Montgomery 228] 100] 112} 29.92] 3 +.02 4 48} 71) 3.54) —1.6| 8] 5,208] s. 27) e. 23] 11) 12) 0.0) 0. 
Meridian ... 375] 85] 29.74) 3 —.01 | | 4 48} 75) 2.77) —2.8| 8| 4,518] sw. | 26) me. | 22) 12! 11] 5.2| 0.0) 0. 
Vicksburg. 247] 65] 73] 29.87| 30.16] +.01 8. 25 51) 81] 4.76) —0.9| 11) 5,883) s. w. | 14/10} 8| 13| 5.5) 0.0) 0. 
53| 76] 84) 30.10] 30.16] 6. 69 25 54) 51] 78) 5.26] +0.6] 4,778) s. 26| w. 2| 14} 7| 10| 4.8) 0.0) 0. 
56. 10. 2 = 
29. 84 02 | 65| 34] 23] 46] 30| 50) 45 8] 5,938) s. 30} ne. | 22) 14) 3] 14 
29. 59| 3 06| 5] 6) 39) 33 42! 35 11| 6,370] e. 38) 11) 8} 12) 
29.70) 3 06| 3| 59} 31| 41) 34) 45] 40 10| 7,191] s. 44] s. 5| 11) 6) 14) 
30. 01| 3 -| 76| 42) 23] 25) 59 7| 7, 257| s. 33] s. 26| 14 5 
ul 30. 07| 3 01 5| 72} 40| 20! 50) 56 4| 99201 s. | | 22 9| 
512! 109 29. 52) 3 -| 31) 3) 57) 9| 6, 849) s. 37| ne. | 21 12) 
670} 106 29.34] 30. 06 2| 66) 30) 23) 44) 35) 47 6| 7, 433] s. 35) 8. 20 
54} 106 30. 07| 30. 00 67| 40) 23| 45) 26| 58] 56 5| 8,645] se. | 36) nw. | 22 9) 
29. 58] 30. -| 68] 20] 3] 46) 9, 241) s. 41| sw. | 18 
29. 96| 30. 2| 71) 24) 53) 7| 6,756) s. 38} se. | 22 9| 
510} 64 29. 56] 30. 02 23| 48) 51| 44 7| 6, 890| s. 0} ne. | 22 12) 
30. 07| 30. -| 38) 24) 54) 26) 56) 53 8| 7,073) se. | 28) n. 22 | 10) 
29. 30, 02) 73} 38| 23) 51) 36) 53) 45 6| 6, 150) s. 32 n. 21 10) 
55 29. 48' 30. 01 5 34! 3 4! 7,350' s. 33! 8. 20 ll 
— a 
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2 
Pressure. Temperature of the air. Precipitation Wind. 
ed 
K als [le [ss Alea | & 
Ohio Valley and Ten- | Ft.| Ft.| Ft.| In In. | In. FPF. RI? Fi In. | In. Miles 0-10) In. | In. 
nessee. 39.2) +5.9 76| 4.75) +0.9 7.6 
Chattanooga. ......... 762| 189) 213} 29.33) 30. 16 00) 46.6) +5.4) 65) 21) 55) 28) 4 41) 35) 67) 4.81) —O. 15) 6,621) se. 35) nw. 16} 11) 12) 6.1) 0.0) 00 
996} 102) 111) 29.14) 30.14) —. 01) 44.0) +5.2) 63) 11) 52) 25) 17| 36; 34) 40) 34) 73] 5.73) +0.8) 14) 5,444) sw 40) sw. 18} 3) 8 20) 7.6) 0.0) 0.0 
97) 29.68) 30.11) —.05| 49.2) +8. 3} 66) 21) 57) 3) 42) 26) 44) 38) 69) 5.05) —0.2) 11] 7,196] s 37| sw. ll} 9} 7| 15) 6.3) 0.0) 0.0 
Nashville............. 546| 168] 191| 29.55] 30.14) —.02) 45.0] +6.4! 68 11) 54) 27) 4) 36) 34) 70) 5.89] +1.0| 14] 8,675) s. nw. | 9} 6) 6) 19] 7.0) T. | 0.0 
989} 193] 230) 29.03) 36.12) —.01) 39.1) +6.1) 59) 11] 47; 17} 17) 31) 6.63) +2. 13)12, 119) sw. 55) sw. 18} 6) 6) 19) 7.2) T. | 0.0 
525) 219) 255) 29.53) 30.13} —.01) 40.4) +6.0) 59) 11) 48) 20) 17) 33) 35 71) 5.65) +1.8) 12) 9, Ww 42] s. 14) 7| 18) 7.3) T. | 0.0 
Evansville............ 431| 139) 175) 29.63) 30.12) —.02| 40.8) +8. 5) 63) 18] 48) 25) 17) 34) 24) 36) 32) 74) 5.43) +1.7) 11) 9, nw 42) sw. 18} 3] 10) 18) 7.2) T. | 0.0 
Indianapolis.......... 822) 194) 230) 29.18) 30.09) —. 03) 34.6) +6.2) 56) 18) 41) 19) 17) 28) 27) 31) 28) 80) 2.73) —0.1) 16/10,407) w 42) w. 15) 4) 5] 22) 0.6) 0.0 
Royal 736) 55) 29.24! 30.07)...... 15) 9, 144) w 35} 17) 5) 6) 20) 7.6) 11.5] 0.0 
Terre Haute.......... 575 29. 45) 30. 08)...... 58} 18] 43) 22) 17 28} 33) 30) 83) 1.86)...... 9} 8,080) nw. 39) nw. 14) 4) 7| 20) 7.5) 0.1/0.0 
Cincinnati............. 29.40) 30.10) —.02) 36.5] +6.2) 58) 18) 44) 15) 17 32|....| 31} 80} 4.64) +1.3] 13] 7,047] w 34 sw. | 18] 7| 4] 20) 7.5) T. | 0.0 
824| 179) 222) 29.19) 30.09) —. 33.8) +5.2) 18) 40) 11) 17) 27) 25) 30) 27) 77) 3.46) +0.5| 15) 9,695) nw. 36] Ss. 18} 3) 7| 21) 8.0) 0.9] 0.0 
181| 216, 29.10) 30.09)...... 34.5) +5.6) 56) 18) 41! 13) 17) 28) 28) 31) 80) +0.8) 17] 9,213) nw. | 39) nw. | 15] 4) 9| 18) 7.5] 0.2) 0.0 
E 1,947) 59) 67) 27.98) 30.11) —.01) 34.0) +5.0) 59) 21) 43) 6) 11) 25) 42) 31) 27) 79) 5.06) +1.7) 24) 5,386) w. 32) w. 11} 1) 6) 24) 86) 7.1) 0.0 
Parkersburg.........-. 77) 84) 29.44) 30.12) .00) 37.0) +5.7] 60) 18] 45) 12) 17) 29) 33) 33) 29) 75) 4.14) +1.0) 15) 5,366) sw. 32) Dw. 14) 3) 4) 24) 83) 0.2] 0.0 
842) 353) 410) 29.15) 30.08) —. 03) 33.4) +2.7| 55) 18) 40) 11) 17) 27) 32) 31) 27) 79) 3.49) +0.6) 15) 9,625) w. 43) Dw. 16} 3) 27) 9.1) 2.9) 0.0 
Lower Lake Region. 25. 3} +0.8 80) 2.72) +0.1 8.4 
767| 247| 280) 29.19) 30.05) —. 02) 25.4) +0.8) 44) 18) 32} 17) 19} 27) 23) 20) 83) 3.27) 20/13,147/ w. 60) sw. 18} 3) 3) 25) 8.4) 22.6) 5.0 
448; 10) 61) 29.56) 30.07)...... 10.8) —5. 5] 44} 20) 30} 1) 42 2,86) —0.3) 17) 7,809) e. 47| w. 19) 9) 4/ 18) 6.5) 21.4) 6.6 
Oswego....... 335) 76) Qij...... 30.07} .00) 20.3) —3.6) 41) 21) 28) —5) 17) 13) 35 2.22) —0.9) 23) 9, 204! s. 33] S. 18] 2) 3) 31.8/12.3 
523} 86) 102) 29.48) 30.08) +.01/ 24.0) —0.6) 18) 31) 0) 17) 17) 32) 22) 18) 77) 3.55) +0.4) 21) 6,910) w. 37) w. 18} 2) 3) 26) 8.8) 38. 5/15.0 
Syracuse........ 597| 97| 113) 29.40) 30.08) +.01) 21.2] —1.8) 46) 21| 29) —5| 17 3.78] +1.6] 22] 8,377] mw. | 51] s. 18} 3| 26| 8.7] 36.0) 9.0 
714| 130) 166) 29.25} 30.05) —.03) 28.7) +1.9) 49) 18} 17) 23) 25; 23) 78) 2.67) —0.4) 15)12,33y) nw. 53} se. 18} 3) 27) 9.2) 17.5) 2.0 
Cleveland........ 762| 190} 201| 29. 30.07 —.02| 30.2) +3.7| 52) 18] 36] 11] 17] 25] 28) 24) 79! 2.61| +0.2) 16/11,715| w. | 44] s. 17} 1) 4} 26) 9.1) 6.9] 0.0 
629) 62) 103) 29.36] 30.06} —.03) 30.5) +4. 2) 53] 18) 36} 17) 25) 2.50} +0.4) 13) 7,188) w. 35] nw. 16; 1) 8| 22) 8.6) 8.0) 0.0 
Toledo.................| 628) 208) 243) 29.37) 30.08) —.01/ 29.7) +3.9) 51) 18] 36) 17) 24; 26) 28) 24) 79) 1.75) —0.2) 12/10,652) w. 43) nw. 18) 4) 3) 24) 8.3) 9.5) 0.0 
Fort Wayne........... 113] 124) 29.12) 30.08!...... 30.1) +3. 2) 50) 18} 36) 11) 25) 27; 28) 24) 80) 1.99)...... 15) 7, w. 38) SW. 18] 2} 8} 21) 8.0) 12.0) 0.0 
730} 218} 258) 29. 25) 30.07; —.01| 27.0) +2.6) 45] 18} 33} 1) 17) 21) 27) 26) 22) 81) 1.94) 0.0) 17/8, nw. | 40) sw. 18} 2) 7| 22) 8.1) 15.6) 0.3 
Upper Lake Region. 21.0) +2.7 84| 1.66) —0.4 8.0 
609} 13) 92) 29.38) 30.07) +.03) 19.2) +0.1) 43) 18) 27) —6) 30) 11) 32] 18) 16) 86) 1.72) —0.5 9,491) nw. | 50) nw. 18} 1| 14) 16) 7.8) 19.9} 7.0 
612) 54) 60) 29.38) 30.08] +.03) 17.8) +3.3) 42) 18) 25} —7| 23) 11) 34) 14) 86) 1.98] +0.4) 14) 6,779] nw. | 40) mw. | 18) 5) 7| 19) 7.4) 23.2) 8.0 
Grand Haven.......... 632) 54) 89) 29.34) 30.05) —.02) 25.8) +1.5) 18) 31; 6) 20) 32) 25) 23) 88) 1.57; —1.2) 15) 9,597) e. 43) w. 12} 1) 2) 28) 9.0) 11.0) 0.4 
Grand Rapids.........| 70) 87) 29.27) 30.06) 26.2) +2.4)/ 44) 20) 32) 3/17) 21) 33) 21) 78) 1.25) —1.5} 14) 5,503] w. 30) w. 18} 1) 7| 23) 8.4) 13.1) 0.8 
684) 62) 99) 29.29) 30.05; .00) 16.6) +2.1) 39) 18} 20) 9) 2.07] 0.0) 6,913) e. 58] w. 18} 4) 26) 9.2) 22.2/17.0 
878; 11) 62) 29.07) 30.05)...... 6} +1.6| 43) 18) 31] 17| 16} 36) 23) 21) 86] 1.65) —0.4) 20) 5,330) nw. 27| nw. 14) 1) 8) 22] 8.4) 16.3) 3.0 
Ludington..........-.-| 637} 60) 66) 29.33] 30.05)...... 41] 18) 30} 3) 6) 18} 32) 23] 20) 85) 1.95)...... 19} 8,266) se. 39) w. 18} 3] 6] 22) 8.1] 21.3} 3.0 
Marquette.............| 734] 77} 111] 29.26) 30.10 06| 19.2) +3.3) 41) 18} 25) 20) 13) 31) 17] 15) 87] 2.84) +0.8) 21) 7,485) w. 42| w. 18) 1) 21) 8.4) 28.3/14.2 
Port Huron............| 638) 120) 29.33) 30.05) —.01| 24.1] +1.8) 43] 18] 30} 1| 17) 18 23| 1.54) —0.4! 14] 9,249] nw. | 43} mw. | 18) 1) 8] 22) 8.3) 19.8) 4.8 
641; 69) 77) 29.34) 30.06/...... 42) 18) 29) —5) 16} 35) 22) 19) 84) 0.91) —1.4) 16] 6,635] nw. | 29) sw. 18; 0} 6) 25) 8.9) 10.6) 2.5 
Sault Sainte Marie. . 614) 11) 52) 29.37) 30.11) +.08) 11.2) —2.1| 37| 18) 20/19) 17; 3) 38] 10) 8] 87) 1.64) —0.5) 18) 5,916) e. 51) nw. 18) 3, 8} 20] 7.8) 18.0/15.3 
140} 310} 29. 30.06) —.04/ 30.8) +5.7) 49) 18] 37) 10) 25) 23) 28) 23) 70) 0.92) —1.1) 15) 9,140) w. 42) s. 5) 9] 17) 7.2) 4.4/0.0 
617| 109) 144) 29.36) 30.05; —.01) 19.4) +4. 8] 42] 18} 26) 17) 12) 37) 18) 15) 82) 1.73) 0.0) 12) 7,765) w. 48) w. 18} 4} 20) 7.8) 20.1] 4.0 
Milwaukee........---..| 681) 125) 139) 29. 29) 30.05) —.03) 25.8) +5.2) 44) 18) 32) 8] 10) 20) 29, 24; 20) 76) 1.78) —0.2) 15) 8,258) w. 40) e 27| 6) 21) 7.6) 18.6] 0.5 
11] 47) 28.78) 30.07) —.02)} 13.0) +5.1} 39} 18] 19} 5} 49) 12) 11) 93) 1.60) +0.6) 12) 9,655) nw 70| nw 11} 6} 14) 6.0) 22.2)16.0 
North Dakota. 10.4) +-5.9 87| 0.44) —0.2 6.8 
940) 50) 58} 29.00] 30.08) —.06] 11.0) +7.2) 41] 5) 2} 38) 7| 88 0.47) —0.2) 13) 6,102} nw. | 40) nw. | 18] 8] 5] 7.0) 6.0) 4.9 
Bismarck..............|1,674) 28.20) 30.09) —.04) 12.3). +4. 5] 44] 17) 24/-20) 31) 1) 11) 9) 88) 0.29) —0.2) 6) 5,883) nw. | 39] nw. 8) 5) 7| 19) 7.1) 4.1) 6.5 
Devils Lake........... 1,482} 11) 44) 28.39) 30.06) —.06| 6.0) +5.7| 41) 17) 16/—21! 5/—4| 30) 5) 3) 87| 0.42) —0.2) 7) 7,003) se. 50} nw. 17| 9} 10) 12) 6.0) 6.5) 6.1 
Ellendale......... 1,457) 10 28. 44) 30.07|...... 43] 17; 23|—11; 5) 4} 38)....].-..]- 9/10, 187) nw 54] nw. 8! 9) 17) 7.3) 7.8) 4.0 
Grand Forks.......... 47| 17) 18|—26| 55]....|.- n. 50] nw. | 18] 16] 5) 10|....| 2.8) 6.7 
Ww 1,878) 41 27.94) 30.00) —.11) 12.5) +-6.1) 49) 17) 23)—18| 31) 2) 41) 12) 9) 84) 0.56) 0.0) 9) 5,354) se 34) nw. 17) 7| 6] 18) 6.9) 7.4) 3.6 
29.0) +7.8 79| 1.47] —0.2 2.1 
Minneapolis. .......... 918} 102} 208) 29.02) 30.05)...... 44| 18) 26) 5) 10) 41)....). ----| 1.01) +0.3] 12) 8,484) se 46) n. 18} 3} 10) 18) 7.5) 11.8] 6.2 
837) 236) 261) 29.11) 30.06) —.05) 17.6) +5.0) 43) 18) 26} 5) 10) 41/.-...). ----| 1.12] +0.2} 13) 8,709] se 45) nw. 18} 2) 12) 17) 7.3) 12.9] 6.5 
La Crosse... 714| 11) 48) 29.25) 30.05) —.06) 21.6) +5.5) 43) 18) 30) 4) 21) 14) 34)...-]. .---| 0.75} —0.3) 10) 3,683) se. 24) s. 17) 5] 22) 7.7) 9.4/2.5 
70) 78) 28.98) 30.08) —.02) 22.0) +5.3) 42) 18] 29) 2) 29) 15) 33) 21) 19) 88) 1.25) —0.3) 11) 7,147) nw. 31) nw. 5) 19] 7.4) 11.0) 2.9 
1,247; 4/....| 28.66] 30.06)...... 18) 24) —8| 25 8} 3} 20) 7.5) 14.2) 3.4 
Charles City........... 1,015} 10) 49) 28.94) 30.07) —.07| 21.9)+-10. 5) 42) 17) 30) 6] 14) 34} 20) 18) 88) 0.89) —0.1) 11] 5,317] se. 26) se. 11} 8| 19) 7.0) 7.5) 1.0 
Davenport..... 6 71) 79) 29.38) 30.07; —.05) 29.2) +7. 4) 50) 18) 36) 14! 12) 22} 30) 26) 24) 80) 0.97) —0.6) 12) 5,952) e 26) nw. 18; 5) 18] 7.2) 8.0) T. 
Des Moines 861; 84; 97| 29.11) 30.05) —.09) 29.3) +9. 2) 55] 18] 37; 2) 6) 22) 31; 23) 76) 0.88/ —0.3) 10] 5,375) nw 26) sw. 7| 5} 19) 6.8) 7.8) T. 
Dubuque... 698} 81) 95) 29.30) 30.09) —.03) 25.8] +6.7| 46] 18] 33) 11) 12) 19) 32] 24) 20) 79) 0.63) —0.9) 10) 5,149) nw 28) nw. 18] 8| 6) 6.7) 45) 0.5 
614) 64) 78] 29.38] 30.08) —.06| 33.9] +9.0) 56] 18] 41) 6| 26) 27| 30) 25| 74! 1.13] —0.6) 7] 6,144) nw. | 30] mw. | 14] 5} 7| 19] 7.0) 7.3) 0.0 
358} 87) 93) 29.71) 30.10) —. 06} 43.4) +8.5) 65) 18) 51} 28) 1) 36) 26) 38} 32) 70) 7.01) +3.2) 9) 7,706) s. 35) Sw. 18} 5) 5| 21) 7.4) 0.0) 0.0 
Peoria 609; 11) 45) 29.39) 30.08) —. 04) 31.8} +8.7| 50] 18] 38) 15) 22) 25) 24) 29) 26) 83) 1.10) —1.1; 11| 5,817] se. 27| nw. 9| 6) 9] 16] 7.0) 5.4) 0.0 
Il 644) 10) 91) 29.36) 30.06! —.07) 34.6) +8. 1) 54] 18) 40) 20) 22) 29) 24) 31) 28) 78) 1.06) —1.2) 9) 7, w. 29) s. 5) 8] 18| 7.3) 3.8) 0.0 
bal... 534| 74) 109) 29.47) 30.06) —.07) 36.5) +9. 4) 58] 18] 44) 16] 6) 29) 26/..../....|....| 0.75] —1.4) 8] 6,795) nw. 30) s. 17| 6} 16] 6.5) 2.4) 0.0 
_ 567| 265) 303) 29.45! 30.07, —.07| 39.5) +8. 7) 62) 18) 46 6| 33] 25) 36) 30) 71) 2.08) —0.2| 8/10,710] s 44) s 5} 11) 15} 6.7) 0.0) 0.0 
Missouri Valley. 33.0/+11.1 71) 0.79) ~0.2 5.9 
Columbia, 781; 11 29. 20) 30.06) —.07| 38.9)4+-11. 7) 60) 17) 48 6 ----| 1.40) —0.8) 5) 7,027) w. 28) nw. 9 9 17| 6.5) T. | 0. 
Kansas City...........| 963) 161! 181) 29.00) 30.06) —. 09) 39.0/+12. 8] 63| 17) 48] 19] 6 30| 33! 27 0.16) —1.0| 3) 8,656) nw. | 43) nw. 7| 12| 9] 10) 5.3) T. | 0.0 
St. Jopeph............. 967; 11) 49) 28.98) 30.05)...... 62) 17} 45) 18) 5 30} 31; 26) 70) 0.26)...... 5| 6,618) nw. 36) nw. 7| 10) 10) 11) 5. 0.6) 0.0 
Springfield, Mo........ 1, 324; 98) 104) 28.64) 30.07, —.07| 42. 64) 8] 51} 21) 3 30} 37) 31) 71) 3.43) +0.8) 6) 8,353) se. 40) w. 14) 4] 13) 5.3) 0.0) 0.0 
984; 11) 50} 28.99) 30.06; —.08) 40.6/+13.0) 68) 8) 52) 18) 3 1.16) +0.2) 5,374] s. 33) nw. 7| +6} 11) 14) 6.4) 0.0) 0.0 
987} 92) 38.6|+13.0)] 68) 13} 49) 18] 3 0.07) —0.9) 3) 7,817) nw. | 40) nw. 7| 13) 6] 12) 5.3; 0.0} 0.0 
1,299) 10 28.61) 30. 03)...... 53} 18} 39 2 5) 7,665) nw. 30} sw. 16) 6.9) 7.7) T. 
1,189) 11) 84} 28.75) 30.06) —.09) 33.6/4+12.4) 58) 18} 43) 14) 3 32| 28) 22 0.14; —0.5) 4) 7,483) n. 42) nw. 6| 12} 13) 6.2) 1.2) T. 
Omaha. cell 1,105) 115) 122} 28.84) 30.05) —. 09) 32. 5/+-10.6) 56) 17) 40) 12) 6 82) 28] 22) 71) 0.87; +02) 6,199) nw. | 28) nw. | 18) 9) 7| 15) 6.0) 7.6) 0.2 
2, 47| 54) 27.24) 30.04) —.08) 28.6) +9. 7) 63) 17; 39) —1) 30 38} 24) 18) 68) 0.49) 0.0) 6) 6,990) w. 43) w. 17; 8) 4.9) 7.1) 0.0 
Sioux City ............ 1,135 28. 80) 30.06) —.09) 27.7) +9.9) 18) 36) 6) 28 34; 24) 73) 0.81) +0.3) 6) 9,128) nw. | 44) nw. 13} 9} 7| 15] 6.3) 7.9) 0.6 
1, 59| 74) 28.63) 30.09) —.07| 21.4)4+10.1) 58| 17) 31/—11/| 28 41} 14) 78| 0.28) —0.2| 7| 7,110| nw. | 36) se. | 23) 12) 12] 5.5) 6.3/1.8 
1,572} 70) 75) 28.33 —.07| 24.9) +8.9) 17| 33} 30 32 22) 17; 75) 0.14; —0.3) 5) 5,930) nw. | 33) nw. | 17) 8) 9] 14) 6.1) 1.3 0.0 
1, 49] 28.69! 30. —.10! 27,2) +9. 8! 63) 17] 28!) 18) 0.48) — 6,081) nw. | nw. | 18! 6111! 14' 6.4! 5.7! 1.3 
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January, 1928. 
oan at Pressure. Temperature of the air. 
o a 
ge le |g |g 
Districts and stations. $2 | | oc E 
eg Ex | Bx | .| 
is |88 ge © 18 |o 
A is |A [AIS 
Ft. | Ft.| Ft.| In In om? 
Northern Slope. 27.0) +7.8 
30. 6)......| 60) 10) 42|—14| 30) 19 
29.98) —.12| 19,4) +6.5] 49] 10) 29}—22) 30) 10 
25. 29.99; —. 16) 27.8) +7.6| 56, 10) 29} 20 
26. 83) 29.96) —. 16) 27.4| +7. 8) 48) 10) 30) 21 
27.41) 30.04) —.08) 25.5)/+11.0) 59) 17) 35|—15) 36) 16 
26. 52) 30.04) —. 06) 29.6) +8.1) 62) 17) 41; 0) 30) 18 
23. 91) 30.01) —.04) 32.2) +6.7| 17) 42) 7) 31) 23 
24. 56) 30.05) —.07| 27.0) +9.6} 55) 10) 37) —4) 31) 17 
26.01) 30.01)...... 64) 17) 49;—11| 31) 17 
23.77) 30.08) —.06) 20.8) +3.2) 40) 6) 2s|/—12) 30) 13 
27.67) 30.08) —. 04) 32.9/+10.0) 65) 17) 46) 30) 
40. 4/+-10.9 
24, 65) 29.98) —.07) 37.9] +8. 1) 67} 10) 49) 30) 27 
25. 23} 29.98) —.07| 39.0) +9.9) 70) 17) 54) 28) 24 
28. 54) 30.05) —. 09) 37. 8} 65) 17) 48) 14) 22) 26 
27.42} 30.09) —.03) 39.0'+10.0} 73) 17) 54) 15} 28) 24 
28. 58} 30.04) —.09) 41.4)+11.7) 68) 13) 52} 18) 6) 31 
29. 23} 30.07). ..... 46. 6)...... 72| 8} 58) 24) 6) 35 
48. 4|......| 76] 11] 60} 24] 3! 37 
28.77) 30.07) —. 04] 47, 8/413. 1) 72) 13) 59} 24) 6) 37 
Southern Slope. 51.2) +9.7 
1,738) 10} 52) 28.24) 30.06, —. 03) 53.4/4+10.8) 78) 8) 65) 27) 3) 42 
3,676) 10} 49) 26.27) 36.04) —.02/ 46, 2)+12.3) 73) 17] 60) 20) 3) 32 
944) 64) 71) 29.07) 30.07) +.01) 58.5) 83) 71) 30) 4) 46 
3, 566) 75) 85) 26.40) 30. 04 - 00) 46.5) +7.3) 76) 17] 61! 17) 3) 32 
Southern Plateau. 45.4) +4.6 
3, 762) 110] 133) 26.24) 30.05) +. 04) 49.1) +5. 0) 69) 19) 61} 22) 4) 38 
7,013| 38} 53| 23.24] 30.10] +.06] 34.9] +6.1| 56] 11] 13) 2) 25 
Flagstaff ..........-.-. 908} 10} 59] 23.34) 30.63] —.02| 33.2} +6. 5] 63] 10] 47} —2| 28] 20 
1,108} 11) 81) 28.84) 30.01} —.02) 55.4) +5.4) 84) 9) 70) 29) 41 
141 9} 54) 29.87) 30.02) —. 03) 58.2) +3.8) 81) 18] 71) 34) 4) 45 
Independence......... 3,957; 41) 26.60) 30.09) 4-.02) 41.5) +1.0) 72) 17) 55) 16) 31) 28 
Middle Plateau. 33.3) +4.8 
4,532! 81) 25.49) 30.12) —.01) 33.2) +0.7| 62) 7) 44) —8) 31) 22 
6,090} 12) 20) 24.04) 30.10)...... 58) 7| 41 5} 31} 27 
Winnemucca.......... 4,344/ 18] 56) 25.64) 30.13) —.03) 30.4) +1.8] 57) 7) 41/—10) 31) 20 
5,479; 43) 24.61) 30.06) —.04| 33.5) +6.0} 63) 46) 2) 27) 20 
Salt Lake City.......- 4,360) 163) 203) 25.65) 30.10) —.05) 36.0) +6.8) 57) 43) 21) 27) 29 
yrand Junction....... 4,602} 60} 68) 25. 42) 30. +.02) 33.5) +8.8} 53) 13} 45} 3) 28) 22 
Northern Plateau. 35.2) +6.2 
3,471} 53) 26.43) 30.09) —.07| 30.0) +6.1| 49) 6| 37} 3) 31) 23 
| ,739| 78! 86) 27.21) 30.13) —.06) 35.5) +5.7) 59! 9) 43) 10) 31) 28 
757) 48) 29.19) 30.02) —.14) 39.9) +5.4] 61) 7| 19) 31) 34 
4,477) 60) 68) 25.47) 30.10) —.10) 31.5] +6.4)/ 53) 10) 38) = 1) 31) 25 
Spokane.............- 101} 110) 27.91) 30.01) —. 11} 33.2) +5.7)| 52] 6) 38) 2) 30) 28 
alla Walla.......... 57| 65] 28.94) 30.03) —. 12! 40.8) +7. 6] 63] 16) 46) 15) 30) 36 
North Pacific Coast 
egion. 41.8) +1.6 
North Head........... 11) 56) 29.74) 29.97) —.08) 42.8} +1.0) 53) 16) 46) 28) 30) 39 
Port Angeles.......... 29 53| 29.94) 20.97)...... 55| 16] 44) 19) 29) 34 
125) 215 29. 86) 30.00) —. 05) 40.4) +1.1) 53) 6) 44) 23) 30) 36 
213! 113] 120) 29.77) 30.00) —.04| 40.2) +2.1) 53) 6) 44) 20) 30) 36 
Tatoosh fsland........ 86! 9} 57) 29.82) 29.92) —.06| 42.0) +0.8) 52) 16) 45) 31) 30) 39 
Portland, Oreg........ 153) 68) 106} 29.87) 30.03) —.05) 42.8) +3.4] 56) 7] 47) 26) 30) 39 
510} 29.54) 30.10) =. 00) 42.6) +1.4) 63) 16 30) 37 
Middle Pacific Coast ms 
46.0| —1.6 
62| 73) 89) 30.08] 30.15) +.05) 46.9) 0.0) 15) 53) 27) 31) 41 
Point Reyes........... 490; 7| 18] 29.57) 30.09)...... 48.4) —1.0) 64) 9] 52) 34) 30) 44 
Red Bluff............- 332) 50) 56) 29. 78) 30.15) +.03) 43.1) 63) 20) 50) 29) 26) 36 
Sacramento........... 69} 106) 117) 30.08] 30.16) +.04) 43.8) —2.0] 59) 49) 31) 13) 39 
San Francisco......... 155} 208} 243) 29.96) 30.13) 48.1) —1.8) 58) 17) 53) 36) 30) 43 
San Jose...........-.. 141} 12) 110) 29.99) 30.15)...... 46.0) ~—2.3) 64) 5) 55) 28) 31) 37 
South Pacific Coast 
Region. 53.5) +2.2 | 
327) 89} 29.79] 30.16] +.06) 46.2) +0.8) 67) 16) 53| 31) 27) 40 
Los Angeles........... 338! 159] 191) 29.69] 30.06] —. 02) 58.1) +3. 5] 90) 8] 67| 39) 31) 49 
BOR 87| 70) 29.94) 30.04) —.03) 56.3} +2.0) 85) 9] 64) 40) 4) 48 
San Luis Obispo. ..... 201} 32) 40) 29.89) 30.11) +.02) 53.3) +2.3) 84) 63) 34) 30) 44 
West Indies. 
San Juan, P. R....... 82| 9} 54] 29.96) 30.05!...... 73.6| —1.4| 80} 11) 78) 66) 26) 69 
Panama Canal. 
Balboa Heights....... 118} 7| 97) 29.73] 29.85) —.01| 79.0) —1.0) 89) 4) 87| 70] 71 
36| 7| 97| 29.83) 29.86) —.01/ 80.4) +0.4) 87) 13) 85) 72) 7| 76 
Alaska 


TaBLe I.—Climatological data for Weather Bureau stations, January, 1922—Continued. 
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range. 
| Mean wet thermometer. 


| Greatest daily. 


$3 


45 


= 


71 
74 


Mean temperature of the dew 
point. 


232, Mean relative humidity. 


45 
38 


78 
76 


| Clear days. 


| Partly cloudy days. 
| Cloudy days. 


| Average cloudiness, tenths. 


Precipitation. Wind 
Maximum 
& 3 velocity. 
sais! | = 
ela la 
In. | In. Miles 
0.61) —0.3 
1.12) +0.4) 10) 5,357) sw. sw. 17 
0.44; —0.5) 7| 6,655) sw. | 50) sw. 6 
1.07} —0.5} 16] 3,801) nw. | 34) sw. 17 
0.41) —0.2} 7} 3,586 s. 36) w. 17 
0.37; —0.1| 5] 6,481) w. 42) 17 
0.06) —0.3}  2/14,377! w. 82] w. 3 
0.41) 0.0} 4) 4,186) w. 64| sw. 7 
7| 4,411] nw. | 40) nw. | 18 
1,49] —0.8) 19} 7,077] s. 42| s. 17 
0.11) —0.4) 3} 5,203) w. 32| nw. 8 
0.49); —0.2 
0.13; —0.3} 2} 5,960} s. 47] sw. 7 
T. | —0.4/ 0) 6,009) nw. | 46] ow. 8 
0.01; —0.7) 1} 6,052) nw. | 38) nw. 7 
0.03} —0.4) 1) 6,795) nw. | 38) nw. 8 
0.02} —0.8} 2} 9, 469] s. 51] s. 17 
8] 9, 755] s. 46] s. 1 
2.74; +1.4] 3 8 758] a 36] n. 7 
1.10) +0.4 
3.10) +2.2| 7,406) sw. 39] sw. 17 
0.00) —0.6) 0} 7,964) sw. 38] sw. 17 
0.84) 0.0) 5) 5,445) se. 34] n. 27 
0.44) 0.0) 2} 5,376 s. 46] nw. 8 
0. 23) —0.5 
0.64) +0.1) 4) 6,753) nw 29) n. 1 
0.12} —0.5} 3] 4,805] n. 29] n. 6 
9} 5, 760) w. 30] w. 6 
0. 28} —0.9} 3) 3,098) e. 26] e. 22 
T. | —0.4) 0} 2,537} n. 18} nw. | 31 
0.09} —0.8} 1) 4,205) nw 31] sw. 17 
1.26) +0.2 
1.90} 0.0) 8] 3,985) w. 46| w. 17 
0.76} 0.0) 5) 5,283} se. 42] se. 22 
0.91) —0.1} 11} 5,758] sw. 42] s. 17 
1.40} +0.7| 9} 7,805) w. 46]. sw. 28 
1.90} +0.6) 12) 4,675) nw. 30} s. 28 
0.70} +0.2) 4) 3,681) se. 35] S. 29 
1.50; —0.1 
0.80} —0.5} 4,659) se. 30] sw. 10 
1.62} —0.3} 11] 4,198) se. 28] se. 17 
1.66) +0.1) 14) 3,241) e. 36) Ww. 17 
1.14] +0.5] 12} 8,824) sw. 40] sw. 6 
1.90} —0.4| 5,772] sw. 34) sw. 10 
1.85} —0.2) 12) 5, 8. 38] w. 7 
9.07) +2.3 
10.07); +3.4) 22/15, 180) s. 84] s. 17 
5.45) 0.0} 20) 4,765) s. 32] sw. 7 
7.51) +2.7; 18} 9,828) s. 53] sw. 7 
10.90) +5. 1) 20) 6,563) sw. 36} sw. 7 
14.30} +2.1} 24)/14,020) e. 60} s. 16 
23] 5,818] sw. | sw. | 7 
5.69} 0.0] 24) 1,978) s. 18} sw. 10 
2. 50; —2.0 
3. 88) —3.8} 24) 4,561) se. 42| s. 16 
12}13,948] nw. | 66) s. 16 
1.80} —2.1) 9} 3,399) nw. | 31) se. 27 
2.05} —1.6| 4,357) se. 32] se. 22 
2.84) —1.5) 11) 4,732) n. 26) nw. | 28 
1.93} —1.0} 10) 3,395) nw. | 30) se. 22 
2. 18} —0.6 
1.10} —0.5| 7} 3,386) nw. | 24) se. 22 
1.76} —1.1) 3,984) e. 22| sw. 31 
1.34) —0.7} 6) 3,684, nw. | 25) s. 29 
4.51; —0.2} 7| 4,011) n. 29) ne. 6 
2.84; —1.8| 24/11,910) e. 39) 14 
0.80} —0.2) 4) 6,840) nw. | 32) n. 30 
1,98} —1.7| 12)13, 298) n. 36) ne. 19 
21) 5,858 Ss. 38) 17 


PNM PO 


> 


> Total snowfall. 


gor 


NOK 
oF 


w 


Se 


| Snow, sleet, and ice on ground 
at end of month 


= 


oc 


ocooo 


oooooo 


49 

| 

| | 
| 
| 

| 

17} 15] 85 10| 5 

24) 18) 66 5| 9 

26| 22! 77 1| 10 

22} 17| 72 6| 11 

25} 59 8| 13 
25} 14] 49 16| 11 
é 22] 16 63 16| 16 
23| 16] 62| 8| 14 
19} 14) 73} 0} 15 
mm 25) 17] 61) 16) 7 
54| = 
40| 30} 17| 46 1s} 9 
50} 29) 14) 40 19! 10 
34] 30) 21) 61 11} 1 
42| 29) 21) 58 15} 13 
28] 35) 27; 60) 12) 10 
33} 39} 30) 56 16) 3) 1 
39] 43) 31) 52) 14] | 
41} 36} 26] 52! 20) 11 

49] 35] 40 15] 12 

49 
37] 38} 41 16| 12 
28} 27} 18] 56 15] 13 
44} 25]....] 58 20) 6 
44) 44) 34) 53) 21; 4 

37| 45 39 20} 8 

38] 31| 19 22] 5 
65) 
| 

38} 28) 21] 66 6] 12) 1 0 
26} 27| 19 14] 10 5 
31] 27} 22) 72 4| 2 5 
43| 26] 18 53| 16| 7 9 
21} 31} 24] 65) 8| 7} 1 2 
35] 28| 22 6g 12 12 | 0 
73| 

24) 28) 77 8} 1 3.9 

28} 32| 26] 66 7| 2 8.1 
26) 22) 68 7| 2 8. 5] 
22] 32| 7| 2 5.4 Als 

30] 37] 32) 8} 2 1.6 

14} 41] 40) 87 4 1.8] 0.0 

7| 2 | 2.2) 0.8 

13| 39) 36] 84 9| 2 1.0] T. 
11} 40) 38 6| 2 T. | 0.0 

26] 38) 1] 13) 17 4.5) 1.0 

82! 
28| 44) 41 s0| 2} 11) 18 0.0} 0.0 

13] 9 0.0) 0.0 
28} 41] 37] 80) 9) 8| 0.0) 0.0 
19} 42} 40) 87) 4| 11) 16| 0.0) 0.0 
17} 45| 42) 81] 10) 7| 14) 0.0) 0.0 

| 

69) | 

31) 44) 40) 6| 18| 0.0) 0.0 

28} 40) 61) 17} 0.0) 0.0 

26} 50 73 | 15| 7| 0.0) 0.0 
37| 45 62| 17| 10| 4 0.3) 0.0 

| | 

| 

18 70 5| 24| 0.0) 0.0 

3 | | 4) 22| 5.3) 0.0) 0.0 
15} 24} 19] 73 | 7| 1| 23| 7.9) 46. 2/19.0 

36432—23—4 
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TaBLe II.—Data furnished by the Canadian Meteorological Service, January, 1923. 
Pressure. Temperature of the air. } Precipitation 
| above | Ben evel | | | | 
mean | Station | Sea leve | a 
level, | reduced | reduced | Depar Depar- | Mean | Mean Total 
Jan. 1, || to mean | to mean maxi- mini-  Highest.| Lowest.| Total. ¢ 
9.’ || of 24 f 24 from | mean | from mum. | mam | from | snowfall. 
| hours. | hours. | 20rmal. | min.+2. | normal. normal 
; 
| Fee, || | In °F. °F In, | In. In 
dney, _ 48 29.84, 29.89) 191) —1.4 27.0 112 44 | —8 | 6.53 |  +1.43 36.5 
i 88 29. 81 | 29. 92 —. 05 |) 20. 2 | —1.6 28 4 12.0 45 —8 5.16, —0.61 26.1 
Charlottetown, 38 29. 86 29. 90 —.06 14.6 | —2.4 22.7 6.4 44 —21 | 4. 57 +0. 61 5 
28 29.86 29.90 —.07 8.9 —0.9 19.7 45 —35 4.10, +0.51 34.0 
Quebee, | 296 || 29.74 30. 08 +. 06 |) —1.8 14.4 0.1 —14 4.21 +0. 20 33. 4 
| 187 | 29. 86 30. 09 +.05 11.5 —0.2 18.9 4.1 | 40 —10 3. 25 —0. 48 22.5 
| 936 || 29.93! 30.12; +.00/ -13] 166 0.0 40.16 30.7 
Kingston, 285 29. 74 30. 08 +.03 13. 5 | —3.6 20. 2 6.7 40 | —12 | 171; —1.74 12.1 
379 | 29. 64 30. 07 +.02 21.8 | +0.4 29.8 13.9 43 | —12 3.17 | +0.25 28.5 
eee eee 1, 244 | 28. 66 30. 06 +.05 1.8 | —1.4 13. 2 —16.8 32 —fs | 1.02 —0. 67 10.2 
it | 
Southampton, 656 | 18,1 | —2.3 25.8 10. 3 40 | | 2.37 —1.68 22.7 
ob enon 688 29. 34 30.08 | +.07 10.3 | —3.5 19.7 0.9 39 —24 2. 46 —1.62 24.6 
So errr eee | 644 | 29. 34 30. 08 +.01 |} 8.3 +5.2 16.7 —0.6 37 —24 0. 84 +0. 02 84 
760 29, 19 30. 09 —.02 2.0 +88 11.6 —7.6 | 42 $0.77 16.5 
| 2115! 27.59 29. 96 —.12 | 4.1 +7.9 13.8 44 —28 || 1.40 | +0.90 14.0 
Medicine Hat, | 2,144 27. 52 29. 86 —.21 | 184) 8.3 48 —26 | 0.70 | +0.13 7.0 
10-759 8.0. 17.0 — 1.0 44 —19 0.43 4.3 
Switt Carrent, Sask | 2, 398 27.26, 30.01 —.08 11.6) +85 21.4 1.8 49 —22; 0.40) 4.0 
eee \ 1, 450 28. 36 30. 04 —.05 | —0.4 +8.0 11.3 | —12.1 28 —39 | 0. 45 —0. 52 4.5 
1, 592 28.13 29. 97 -.11 2.6 +85 13. 2 | —80 40 | —25 0.55 +0.15 5.5 
Vietoria, B OE 2 29.69 29.95 —.02 39.7 +1.2 | 43.0| 36.4 53 | 24 6.41) 14 
Hamilton, Ber......... PSebpveOnuceeeee 151 | 30.00 30.17 +.04 61.2 —0.8 67.3 55.2 73 43 | 4. 40 —0. 54 | 0.0 
ends 125 | 29. 65 29. 79 —.04 21.5 —7.2 26. 7 16.3 44 2) 4.42 —0.61 30.0 
3,428 26.30 30. 07 +.13 10.7 —7.5 | 23.6 —2.2 54 —30 0.29, —0.30 2.9 
Kamlocps, 1, 262 28. 78 | 30. 14 +. 20 17.7 —11.2 21.7 13.7 46 | 118; +0.40' 9.7 
4, 180 25. 46 29. 92 +.04 11.5 ~9.4 17.5 5.6 37 —23 | 3.75! +0.58 | 37.5 
Hamilton, 151 30. 06 30. 22 —.13 65.3 +0.6 71,1 59. 6 76 54 3. 16 | —1.33 0.0 


1 Late reports, December, 1922. 


SEISMOLOGICAL REPORTS FOR JANUARY, 1923. 


W. J. Humpnreys, Professor in Charge. 


[Weather Bureau, Washington, March 3, 1923 ] 


SEISMOLOGICAL ABBREVIATIONS USED IN THE INSTRU- 
MENTAL REPORTS. 


CHARACTER OF THE EARTHQUAKE. 


T=noticeable. 
II=conspicious. 
ITI=strong. 
d=(terre mots domesticus)=local earthquake (sensible or felt). 
motus vicinus)==near-by earthquake (within 1,000 km. ). 
r=(terre motus remotus)=distant earthquake (1,000 to 5,000 km. 
distant). 
u=(terre motus nitimus)=very distant earthquake (beyond 5,000 
km.) 
A=distance to epicenter. 


PHASES. 


P=(unde prim~)=first preliminary tremors. 
R,=P waves refiected n times at the earth’s surface. 
S=(unde secundxz)=second preliminary tremors. 
SR,=S waves reflected n times at the earth’s surface. 
PS=transformed waves; longitudinal (P) to transverse (S) or vice 
versa. 
(und longe)=long waves in the principal portion. 
( 


L= 
M=(undx maximez)~greatest motion in the principal portion, 


(=(coda)=trailers. 
O=time at epicenter. 
J repr long reaching the station from the antiepicenter (40,000 
m.—A). 
Lrep=long waves again reaching the station from the antiepicenter 
(40,000 km.+ A). 
F=(finis)=end of perceptible trace. 


NATURE OF THE MOTION. 


i=(impetus)=abrupt beginning. 
e=(emersio)=gradual appearance. 
=(period)=twice time of oscillation. 
A=amplitude of earth’s movement, reckoned from the zero line. 
E, N, or Z attached to a symbol signifies the E-W, the N-S, 
or the vertical — respectively, thus: 
P; is the E-W component of P. 
Px is the N-S component of P. 
Pz is the vertical component of P. 
u=micron, MM. 


INSTRUMENTAL CONSTANTS. 


T)=period of instrument. 
=magnification of instrument. 
e=damping ratio. 


4 M 
Si 
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January, 1928. 
Latitude, Longitude, 
N. v. meters. 
ALABAMA 
° , ” 
30 41 44/88 46 60 
ALASKA. 
57) 135 06 15. 2 
ARIZONA. 
32 14 48 {110 50 06 769. 6 
CALIFORNIA. 
Point Loma........ 32 42 03 15 10 91.4 
COLORADO. 
39 40 36 St 1,655 
DISTRICT OF 
COLUMBIA. 
Washington........ 38 54 25) 77 04 24 42.4 
| 
| 
Washington........ 38 54 12/77 U8 038 21 
HAWAII 
21 19 12 j158 O38 48 15.2 
ILLINOIS. 
4147 87 37 180. 1 
MARYLAND. 
Cheltenham........ 38 44 76 30 ca. 71.6 
MASSACHUSETTS. 
Cambridge......... 42 22 36/71 06 59 5.4 
MISSOURI. 
eS re 38 38 17| 90 13 58.3 160. 4 
NEW YORK. 
42 26 58 | 76 29 09 242.6 
New York......... 40 51 47 | 73 53 08 23.9 
CANAL ZONE. 
Balboa Heights....| 8 57 39/79 33 29 ca. 36 
PORTO RICO. 
18 08 50/65 26 50 19.1 
VERMONT. 
Northfield. ......... 44 10 72 41 256 
CANADA, 
745 23 38) 75 42 57 83 
Toronto............ 43 40 O01] 79 23 54 113.7 
48 24 123 19 67 


Description of instruments. 


Wiechert 80-kg., twocomp., 
inverted pendulum. 


Bosch-Omori 10-kg., hori- 
zontal pendulum, two 
comp. 


Two-component C. D. West 
seismoscope. 


Wiechert 80-kg., asiatic 
horizontal pendulum. 


Wiechert 200-kg., inverted 
pendulum; 80-kg. vertical. 

Bosch photographic pendu- 
lums (horizontal), 200 g. 

Mainka bifilar pendulums, 
135-kg., horizontal. 

Bosch-Omori 25-kg., hori- 
zontal. 

Marvin, inverted pendu- 
lum, undamped, mechan- 
ical registration. 


Two Milne-Shaw horizontal 
pendulums, 0.45-kg. 


Two Bosch-Omori 10-kg.... 


Two Bosch-Omori 100-kg., 
horizontal pendulum, 
mechanical registration. 


Wiechert 80-kg., inverted 
pendulum. 


Bosch-Omori 25-kg., hori- 
zontal pendulum, me- 
chanical registration. 

Wiechert 80-kg., horizontal 
pendulum. 


ro Bosch-Omori 100-kg. 
and 25-kg. 


Bosch-Omori 10-kg......... 


Bosch-Omori, mechanical 
registration, 25-kg. 


Two Bosch photographic 
horizontal pendulums, 
one Spindler & Hoyer 
80-kg. vertical seismo- 


Milne horizontal pendu- 
lum, North, in the merid- 


ian. 
Milne-Shaw horizontal pen- 
dulum, Northand E.-W. 


Instrumental constants. 


E-W. N-S 
Vv To To 
165 4 2 5.2] 0 
VERTICAL: V, 80; 7'o, 3.0 
110 6.4] (3) |110 
150 12 25:1 |150 12 25:1 
150 12. 20:1 |150 12 20:1 
80 23 1:5 | 50 25 41:5 
12 2 4:1 | 13 24 4:1 
80 70 5 80 70 5 
35 35 20 
120 


List of instrumental stations from which reports are received. 


Institution. 


Spring Hill College, Seis- 
mic Observatory. 


U. S. Coast and Geodetic 
Survey, Magnetic Ob- 
servatory. 


Theosophical University, 
Meteorological Station. 


Regis College, Earthquake 
Station. 


Georgetown University, 
Seismological Station. 


U.S. Weather Bureau.... 


U.S. Coast and Geodetic 
Survey, Magnetic Ob- 
servatory. 


U. S. Weather Bureau, 
University of Chicago. 


U. S. Coast and Geodetic 
Survey, Magnetic Ob- 
servatory. 


Harvard University Seis- 
mographic Station. 


St. Louis University, Geo- 
Observatory, 
arthquake Station. 


Cornell University, De- 
partment of Geology, 
Seismograph Station. 

Fordham University, Seis- 
mologic Station. 


Panama Canal, Depart- 
ment Operation and 
Maintenance, section of 
meteorology and _hy- 
drography, Seismologic 
Station. 


U.S. Coast and Geodetic 
Survey. Magnetic Ob- 
servatory. 


Local office, U.S. Weather 
Bureau. 


Dominion Observatory, 
Earthquake Station. 


Dominion Meteorological 
Service. 


Director, 
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Cyril Ruhlmann, 8. J. 


= 


. P. Ulrich. 


Ludy. 


F. J. Dick. 


A. W. Forstall, 5 


F. A. Tondorf, 8. J. 


W. J. Humphreys. 


H. E. McComb. 


H. J. Cox. 


George Hartnell. 


J.B. Woodworth. 


Geo. E. Rueppel. 


P.S. Sheldon. 


J.J. Lynch, S.J. 


R. Z. 


Kirkpatrick, 


chief hydrographer. 


R. R. Bodle. 


Wm. A. Shaw. 


E. A. Hodgson. 


! Pillar inclination, 1 mm. 


For the — of 


University of 


21” arc tilt, 26.6 mm. 
the stations at the University o' 


31mm.= 4”, 
f California, Berkeley, Calif., and at the Lick Observatory, Mount Hamilton, Calif., see Bulletin 


415 mm.=60 sec. 


5 Sensitivity: I, 0.182; N, 0.196. 


lifornia; for the report of the station at the University of Santa Clara, Santa Clara, Calif., see Record of the Seismographic Station, University of Santa Clara. 


of the Seismographic Station 
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MONTHLY WEATHER REVIEW. 


TaBLe 1.—Noninstrumental earthquake reports. 


Station. 


Scotia 


Eureka 
Fort Bragg 


Orland 


Nevada City 


OREGON. 


| 


| Lakeview 


Upper Mattole........ 


| 


Rossi- 
Forel. 


a 


January, 19 


2? 


| Chimneys damaged 


damage 
| Two faint shocks later...........| . J. M. Jones. 


| Felt ev eryone 
by many | J. T. McPherson. 


| Considerable damage 


| Shocks at 6:15, 7:45.............. 


Observer. 


| Johnstone Co. 
| J. O. Ogle. 

| A.S. Prine. 

| Press report. 


N. F. Fuller. 
| M. C. Gerlicher. 


| Press report. 
Mrs. J. E. Morrow. 
#H. J. Andree. 


C. A. Call. 
i B. Preston. 
| M. Langdon. 
G. Albro. 


. W. E. Jennings. 
.C. Gott. 


Oa 


Mr. Perry. 
| Mrs. Emma Sackett. 


Jar 


| 
52 
(Time us 
| | | | | | 
Approxi- | Approxi ber Remarks. | Date. 
| mate | | Apprent- ~ | Sounds. | 
| time, | longi- 
Day. Green- | ‘latitude. | shocks | 
| 
15 22 00 | Cloverdale.............. 40 30 120 40 | | | pena De 
124 15. | lespread minor Gamage...... Do. 
124 00 ‘ | Rumbling........- 
| 1 20 ca. | Rum 
9:05 4 16 | None Felt by many 
| | Much damage ™ 
| | 4010) 12215} 2,2 | Rattling.......... 
909 Red Blu 3403) 118 15 | | 1| 
l 40 35 99 « 192. 
om | 120 20 | | 
42 20 | > | 
J 
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TaBLeE 2.—Instrumental seismological reports, January, 1923. Hawau. U.S.C. & G. S. Magnetic Observatory, Honolulu. 
{Time used: Mean Greenwich, midnight to midnight. Nomenclature: International.] Hem. 8. See.) | Km. | 
| | | Amplitude. | of traces. 
| | An , Ax 
Py(f).| 12 5918) 2 all parts of Oahu. 
AuasKa. U.S. C. & G. S. Magnetic Observatory, Sitka. | | 
| My....| 91725|  16|....... 700! |. | | 
| 
Arizona. U.S.C. & G. S. Magnetic Observatory, Tucson. 
1923 H.m 
BA 4 35 ..| Local tremors. 
| 435 
My....| 4 35 44 | 
| 
| 9 07 38 | netograph. — —— 
| | | 
Cotorapo. Regis College, Denver. | 
Jan, 22 ........ 9 07 30 Difficult to locate | 11 40pos.|....... Ran off sheet. 
9 10 30 beginning of S. | : 
9 41 | | 
F.....| 17 40 ca.j....... 
Disrrict oF CorumBia. U.S. Weather Bureau, Washington. Marytand. U.S.C. & G. S. Magnetic Observatory, Cheltenham. 
1923. H.m. P.....| 911 24 sheet. 
| L.....| 9 21 15 Mz. 9 27 37 16 |*9,000 |.......]....... 
My....| 925... My....| 925 .. (#52, 000)....... 
| Ma... 9 27 ee Cy. 
| F.....] 10 17 ca. Cy. 927 .. 
| | Fs....| 10 00 .. 
8 07 13 | Fy....| 10 11 .. 
| 8 10 28 27 8 13 50 Nothing definite on 
8 45 ca. | 8 15 36 E. 
*Trace amplitude. * Trace amplitude. 
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54 
New Yorx. Fordham University, New York. 
1923 | H.m.a. | Km. | 
Ly? | 8 20 
CanaL ZONE. Panama Canal, Balboa Heights. 
| tant disturb- 
| | ance between 9:05 
and 10:20; direc- 
tion probably 
northerly. 


1923 | | 


| 


no 


VERMONT. 


F 


H.m.s. Sec. | pw | Km, 
9 04.08 |....... 6,240 Preliminary phases 
9 13 53 | very weak. 
9 34 05 | 
94023 16)....... | $000 )....... | 
{ 
| 

U.S. Weather Bureau, Northfield. 
H.m.s.| Sec. Km. 

4,300 


Califor- 


* ‘Trace amplitude. 


January, 1923 


CanapA. Dominion Meteorological Service, Victoria. 

1923. H.m.s.| Sec | Km 
Jan, 2|........ Py....| 22 52 03 | 790 
Ly....| 22 53 29 
Py....| 22 52 04 
Ly....| 22 53 29 
My....| 22 55 09 8 Bibiavcacs oo | 
i 

Mz....| 3 31 32 10 
Py....| 3 30 16 450 

Mg....| 18 36 37 
Ly....| 18 28 57 | 
My....| 18 30 52 20 
Fy....| 19 12 57 | 

Pg....| 22 05 13 710 
La....| 22 08 21 
Mg....| 22 09 41 
Ly....| 22 08 21 
My....| 22 09 36 

Ly....| 4 32 00 err 
Mg....| 4 33 00 10 

Py....| 430 40 720 | 

Ly....| 4 31 59 

My...., 4 33 05 

| 

Le....| 2 40 34 May be long period 
Mg....| 2 45 34 20 | micros. 
My....| 2 43 24 

Le. .../?11 02 23 Do. 
Mg....| 111828] 20 

Mx....| 13 21 07 15 _ 

| received after 
Jan. 20. 
| 


* Trace amplitude. 


No earthquakes were recorded during January, 1923, 
at the following stations: 


Cauirornia. Theosophical University, Point Loma. 
Reports for January, 1923, have not been received from 
the following stations: 


AvaBAMA. Spring Hill College, Mobile. 

District or CotumsBia. Georgelown University, Washington. 
Massacuusertrs. Harvard University, Cambridge. 
Missourt. St. Louis University, St. Louis. 

New York. Cornell University, Ithaca. 

Canapa. Dominion Observatory, Ottawa. 


C inset 


1923. 


(Plotted by Wilfred P. 


anuary, 


Anticyclones, 


Venters 
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Day.) 
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8 
Porto Rico. U.S.C. & G.S. Magnetic Observatory, Vieques. 
| 
| 
| 
| My.... 
| | Fs....| 
1923 
Jan. 22 | 
CanabDa. Dominion Meteorological Service, Toronto. | 
"1923. H.m.s8.\ Sec. | ws | Km. 
| L.....| 9 2418 
| M.....] 997 
| | at 
O | 
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